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Preface

The U.S. Department of Energy’s Industrial Technologies Program(DOE/ITP) conducts R& D to accelerate the
development of energy efficient and environmentally sound industrial technology and manufacturing practices.

To help focusits R& D portfolio, the DOE/I TP commissioned this multi-phase study to identify where and how
industry is using energy, and to target opportunities for reducing energy consumption. The focus of the study ison
energy systems (steam generators, power systems, fired heaters, heat exchangers, compressors, pumps, fans) used
acrosstheindustrial sector. Theresults of this study were also used to help devel op the Technology Roadmap for
Energy Loss Reduction and Recovery (available at www.eere.energy.gov/industry), ajoint effort between industry
and government.

The principal authors of the report are shown below. Questions concerning this report should be directed to the
authors. A copy of the report may be obtained on-line at www.eere.energy.gov/industry/energy_systems
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1.0 Overview of Energy Use, Loss and Opportunities

1.1 Background

Theindustrial sector uses about one-third of the total energy consumed annually in the United States (see Figure 1-1),
most of it fossil fuels, at a cost of approximately $100 billion. Given that energy resources are limited, and demand
for industrial products continues to rise, meeting industrial energy demand and minimizing its economic impact in the
future will be asignificant challenge.

The U.S. manufacturing sector depends heavily on fuels and
power for the conversion of raw materials into usable products,
and also uses energy as a source of raw materials (feedstock
energy). How efficiently energy isused, its cost, and its
availability consequently have a substantial impact on the
competitiveness and economic health of U.S. manufacturers.

Total U.S. Energy Use
97.3 quads

Industry
325
quads

Buildings
38.3
quads

Transport

26.5
EGE

More efficient use of fuels and power lowers production costs,
conserves limted energy resources, and increases productivity.
Efficient use of energy also has positive impacts on the
environment — reductions in fuel use translate directly into
decreased emissions of pollutants such as sulfur oxides, nitrogen
oxides, particulates, and greenhouse gases (e.g., carbon
dioxide).

Improved efficiency can also reduce the use of feedstock energy
) . through greater yields, which translates to more product
Figure 1-1 fZOOZ U.S. Ed”e,fgy CQ“S“mp“Ol“ manufactured for the same amount of energy. Reducing the use
[Energy Information Administration, Annua of energy feedstocksimpacts directly our dependence on
Energy Review 2003] . . . . .
imported oil, and alleviates pressure on increasingly scarce and
expensive natural gas supplies.

Ener gy efficiency can be defined as the effectiveness with which energy resources are converted into usable work.
Thermal efficiency is commonly used to measure the efficiency of energy conversion systems such as process heaters,
steam systems, engines, and power generators. Thermal efficiency isessentially the measure of the efficiency and
compl eteness of fuel combustion, or in more technical terms, the ratio of the net work supplied to the heat supplied by
the combusted fuel. In agas-fired heater, for example, thermal efficiency is equal to the total heat absorbed divided
by the total heat supplied; in an automotive engine, thermal efficiency is the work done by the gasesin the cylinder
divided by the heat energy of the fuel supplied.

o . . . ) Typical Thermal Efficiencies of Selected
Energy efficiency varies dramatically acrossindustries and Energy Systems and Industrial Equipment
manufacturing processes, and even between plants

manufacturing the same products. Efficiency can be

limited by mechanical, chemical, or other physical

Power Generation 25-44%
Steam Boilers (natural gas) 80%
Steam Boilers (coal and oil) 84-85%

parameters, or by the age and design of equipment. In some Waste Heat Boilers 60-70%
cases, operating and maintenance practices contribute to Thermal Cracking (refineries) 58-61%
lower than optimum efficiency. Regardless of the reason, EAF Steelmaking 56%

less than optimum energy efficiency implies that not all of E?gf;ﬁﬁ'ﬁg 33?9%
the energy input isbeing converted to useful work — someis Disti”atioﬁ Cgo|umn 25-40%
released aslost energy. Inthe manufacturing sector, these Cement Calciner 30-70%

energy losses amount to several quadrillion Btus Compressors 10-202/0
(quadrillion British Thermal Units, or quads) and billions of Fmps and Fans oo
dollarsin lost revenues every year.

Given thisresource and cost perspective, it is clear that increasing the efficiency of energy use could resultin
substantial benefits to both industry and the nation. Unfortunately, the sheer complexity of the thousands of
processes used in the manufacturing sector makes this a daunting task. A first step in understanding and assessing the
opportunities for improving energy efficiency isto identify where and how industry is using energy — how much is
used for various systems, how much islost, how much goes directly to processes, and so forth. The second stepisto
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then quantify the portion of lost energy that can be recovered technically and economically through improvementsin
energy efficiency, advancesin technology, and other means. Answering these questions for the U.S. manufacturing
and mining sectorsisthe focus of thisreport.

The U.S. Department of Energy’s Industrial Technologies Program (DOE/ITP) conducts R& D to accelerate the
development of energy efficient and environmentally sound industrial technology and manufacturing practices. To
help focusits R&D portfolio, the DOE/I TP commissioned this multi-phase study to identify where and how industry
is using energy, and to ultimately target the most significant opportunities for reducing energy consumption. The
focus of the study is on energy systems— steam generators, power systems, fired heaters, heat exchangers,
compressors, pumps, fans — that are used across the industrial sector to convert energy resources into useful work or
products. A schematic illustrating the various phases of the study is shown in Figure 1-2.

Thefirst phase of the study involved examining the use of energy in terms of broad categories such assteam, fired
systems, motor drive, combined heat and power, and similar areas. Thisessentially provides a“footprint” of energy
use across 15 sectors of manufacturing, plus mining, and outlines the energy lost in energy generation, distribution,
and conversion. These energy losses represent the central targets of opportunity for more advanced and increasingly
efficient energy systems.

The second phase of the study builds upon these initial resultsvia are in-depth look at the largest industrial users of
energy systems and subsequentially linking energy use and losses to industry-specific process operations and
equipment. In addition, it examines the potential technology options for recapturing some of the energy that is
currently lost in industrial processes and identifies technology R& D areas that could have potentially large impacts
across more than one industry. The results of the first and second phases of the study were then used as the basis for
developing aquantified listin terms of energy savings potential of the top opportunities for improvingthe efficiency
of industrial energy systems.

The remainder of the report is organized by the results obtained for the aggregated manufacturing sector, with
individual chapters on the most energy-intensive industries. A chapter is also devoted to selected functional areas
(e.g., steam systems, process heaters, motor drives). The top recommendations emerging from the opportunities
analysis are provided in a separate summary chapter. A brief description of the methodology and approach used in
conducting the analysisis provided in the following section.

Figure 1-2 Flow of the Multi-phase Study on Energy Use, Loss and Opportunities

p o al

PR

Industrial Energy SRR st heat
Sectors and - Generation, Energy Delivered Byproducts,
Functional Distribution, and to Processes Flared Gases,
Energy Systems Conversion Wastewater

Opportunities for Energy Loss Reduction and Recovery
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1.2 Methodology

1.2.1 Energy Use and Loss Analysis

1.2.1.1 General Methodology

The basic objective of the study was to evaluate the energy use and loss patterns of individual industries as well asthat
of the entire manufacturing sector. Industries were selected based on total energy use, contribution to the economy,
and relative importance to energy efficiency programs. Industries not selected for individual analysisinclude oil and
gas extraction, coa products, printing facilities, furniture, and miscellaneous unclassified manufacturing. However,
with the exception of oil and gas extraction, energy consumed in these industriesisincludedin the overall

manufacturing energy analysis.

Coal, Metal Ore, and Nonmetallic Mineral Mining NAICS 212

Food and Beverage
NAICS 311 Food, NAICS 312 Beverage and Tobacco Products

Textiles
NAICS 313 Textile Mills, NAICS 314 Textile Product Mills
NAICS 315 Apparel, NAICS 316 Leather and Allied Products

Forest Products
NAICS 321 Wood Products, NAICS 322 Paper

Petroleum Refining NAICS 334110

Chemicals NAICS 325

Plastics and Rubber Products NAICS 326

Glass and Glass Products
NAICS 3272 Glass & Glass Products, NAICS 3296 Mineral Wool

Cement NAICS 327310

Iron and Steel Mills NAICS 333111

Alumina and Aluminum NAICS 3313

Foundries NAICS 3315

Fabricated Metals NAICS 332

Heavy Machinery NAICS 333

Computers, Electronics, Appliances, Electrical Equipment
NAICS 334 Computer and Electronic Products
NAICS 335 Electrical Equipment, Appliances

Transportation Equipment NAICS 336

Using this approach, the study examined a
large subset of the mining and manufacturing
sector, with the objective of capturing the bulk
share of energy consumption. Table 1-1 lists
the industrial sectors covered and defines the
sixteen groupings selected for analysis,
organized by their respective North American
Industrial Classification System (NAICS)
codes [NAICS 1997]. The industries shown
in Table 1-1 represent over 80% of U.S.
industrial energy use. For simplicity, some
related sectors were grouped (e.g., textiles).
Appendix D gives an overview of the specific
products manufactured in each sector.

Energy usefigure were obtained from the
1998 Manufacturing Energy Consumption
Survey (MECS) and other sources listed in the
Reference section of thisreport. This
represents the most current source of energy
use available by individual NAICS

codes. The Annual Survey of Manufactures also provides information on energy use by NAICS codes, but datais not
given in physical units except for electricity (e.g., fuel datais given isterms of dollars expended).

The general approach used to evaluate and compare energy use and |osses across industry involved the devel opment
of “energy footprints” for each sector using primarily MECS data, incorporating other sources as necessary. This
methodology is described in more detail in the following section.

1212 Energy Footprints

Using the MECS data as a basis, a series of Energy Footprints was developed to map the flow of energy supply and
demand in U.S. manufacturing and mining. Identifying the sources and end-uses of energy helpsto pinpoint areas of
energy-intensity and characterize the unique energy needs of individual industries. A set of industry-specific energy
footprintsis provided in Appendix A along with sample calculations.

The generic energy footprint schematic is shown in Figure 1-3. On the supply side (far left of the diagram), the
footprints provide details on the energy purchased from utilities, the energy that is generated onsite (both electricity
and byproduct fuels), and excess el ectricity that is transported to the local grid (energy export). On the demand side
(right side of diagram, inside the plant boundary), the footprintsillustrate where and how energy is used within a
typical plant, from central boilersto process heaters and motors. Most important, the footprints identify where energy
islost dueto inefficienciesin equipment and distribution systems, both inside and outside the plant boundary. Losses
are critical, as they represent immediate opportunities to improve efficiency and lower energy consumption through
best energy management practices and improved energy systems. To aid in the interpretation of these diagrams,
particularly energy losses, acomprehensive set of definitions of termsisincluded in Section 1.2.3.

Energy Use, Loss and Opportunities Analysis: U.S. Manufacturing and Mining 3



Energy AsFigure 1-3 shows, the energy
Export supply chain begins with the
electricity, steam, natural gas,
coal, and other fuels supplied to a
plant from off-site power plants,
gas companies, and fuel

g Facilities/HVAC/ Lighting

Fossil
Energy Solar/Geo-

thermal/Wind Energy Recycle

Supply Energy .. . .
‘ T distributors. Many industries
generate byproducts and fuels
Iérl:er%y Central p— . Process onsite, and these are also part of
REY » G;r;ia?i);n/ * Distribution Conversion * EBesregy the energy supply (noted as
f Utilities energy recycle). Notable
Utility/ I examples are the use of black
Power Energy 2T liquor and wood byproductsin
Plant Losses Losezs  VED Ip and er mills, still gas
Industrial Plant Boundary pulp pap . g
from petroleum refining
Inside Plant Boundary Plant Operation/System processes, light gas mixes
Process Energy System produced during chemicals
manufacture, and blast oven gases
Figure 1-3 Generic Energy Footprint iniron and steel mills.

For simplicity, byproduct energy is shown on the energy footprint as contributing to the total fossil energy supply
coming into the plant, even though it is produced onsite. Renewable energy sources such as solar, geothermal, and
wind power are shown as separate energy resources, and are most often used to produce electricity.

Once energy crosses the plant boundary, it flows either to a central energy generation utility system (e.g., steam
plant, power generation, cogeneration) or goes directly to process units. Central energy generation represents the
production of electricity and steam in a centralized location, with the energy transported subsequently through
distribution systemsto various process units. Thisis ageneralization of what may be actually occurring at the plant
site, as energy producers are often situated close to where energy isrequired. Energy production facilities within the
plant boundary also sometimes create more energy than is needed for process use. In thissituation, the excess energy
is exported off-site to the local grid or another plant within close proximity. For the energy footprint analysis, al the
energy export is assumed to be electricity although asmall portion may be steam.

Fuels and power are often routed to energy conversion equipment that is generally integrated with specific processes.
For the energy footprint analysis, energy conversion representsthe conversion of energy to usable work that occurs
prior to the process. Thiswould include, for example, a motor-driven compressor or pump, or an air preheater. The
converted energy is utilized asprocess energy, where it drives the conversion of raw materials or intermediates into
final products.

Energy losses occur all along the energy supply
and distribution system (red arrowsin Figure 1-
3). A simplified flow of losses from energy
supply through industrial processing is shownin
Figure 1-4. Energy islost in power generation
and steam systems, both off-site at the utility and
on-site within the plant boundary, due to
equipment inefficiency and mechanical and
thermal limitations. Energy islostin
distribution and transmission systems carrying
energy both to the plant and within the plant
boundary. Figure 1-4 Simplified Flow of Energy Losses

Central Energy
Generation Distribution Conversion  Processes

L osses also occur in energy conversion systems (e.g., heat exchangers, process heaters, pumps, motors) where
efficiencies are thermally or mechanically limited by materials of construction and equipment design. In some cases,
heat-generating processes are not located optimally near heat sinks, and it may be economically impractical to recover
that excess energy. Energy is sometimeslost simply because it cannct be stored. Energy is also lost from processes
when waste heat is not recovered and when waste by-products with fuel value are not utilized.

Energy Use, Loss and Opportunities Analysis: U.S. Manufacturing and Mining 4



It isdifficult to distinguish between energy conversion occurring prior to the processversus during the process as
equipment is often closely integrated with the process unit. For the purpose of cal culating energy losses, it was
assumed that a portion of losses would occur prior to the process (these are cal culated) and another portion would
occur downstream (not calculated). Asaresult, pre-process losses may overlap somewhat with post-process
(downstream) losses. Downstream losses, which manifest typically as flue or exhaust gases, radiative and convective
heat |osses, wastewater, and/or low quality steam, are process-specific and can be substantial (shown as TBD on the
energy footprint). These were not included in the scope of the energy use and loss analysis, but are dealt with to some
extent in the opportunities analysis (Section 1.2.2).

[Table 12 Loss Factors for Selected Equipment | - 055 Were determined by applying equipment [oss
E S P E L factorsto the energy used in selected functional
nergy System | Percent Energy Lost categories: steam systems, fired systems (heating and

Boilers — 20% - . :
Steam systems oilers — 20% cooling), refrigeration, and others. The loss factors

Steam pipes and traps - 20% . . . . .
Steam geplivery/heat Zxchangoers _ used in this study, listed in Table 1-2, were obtained

15% from literature sources and through discussions with
Power generation | Combined heat and power — 24% equipment experts (see Reference section).

(4500 Btu/kWh)

Conventional power — 45% (6200 Boiler losses represent energy |lost dueto boiler

Btu/kWh) inefficiency. In practice, boiler efficiency can be as
Energy distribution | Fuel and electricity distribution lines low as 55-60%, or as high as 90%. The age of the

and pipes (not steam) — 3% boiler, maintenance practices, and fuel type are

Energy conversion | Process heaters — 15%
Cooling systems — 10%
Onsite transport systems — 50%
Electrolytic cells — 15%

contributing factors to boiler efficiency. Asshownin
Table 1-2, an average |l oss factor of 20% was used.
Power generation losses vary depending on whether

Other — 10% cogeneration is employed (systems producing both

Motor systems Pumps — 40% steam and electricity). It isassumed that the greater
Fans — 40% losses are in steam pipes (20%), with small osses
Compressed air — 80% incurred in other fuel transmission lines (3%) and
Refrigeration — 5% electricity transmission lines (3%). Lossesin steam
Materials handling — 5% pipes and traps have been reported to be as high as
Materials processing — 90% from20 to 40% [PNNL 1999]. A conservative value
Motor windings — 5% of 20% was used for steam distribution losses in this

study.

Asshownin Table 1-2, onsite power generation losses are assumed to be about 45%, which represents arelatively
state-of-the-art gas turbine with heat recovery. Cogeneration raises the thermal efficiency of the power generating
system by as much as 25-35%, significantly reducing power losses [ADL 2000].

Distribution losses represent steam heat lost in traps, valves, and steam pipes, and transmission losses in onsite fuel
and electricity lines. In practice, these losses are strongly site-specific and depend largely on plant size and
configuration. The loss factors shown in Table 1-2 may underestimate these losses, which have been reported to be as
high as 10-40%. For simplicity, distribution losses are spread among the largest end-use categories.

Motor losses represent losses in motor windings as well as mechanical losses in the motor-driven systems (e.g.,
compressor) that occur during the conversion of energy to useful work. Effective rewind practices canreduce these
losses.

The energy footprints represent an average picture of energy use and losses across an industry. They provide the
means to begin assessing the relative losses due to inefficiencies in addition to sources of energy-intensity. They also
provide a baseline from which to calcul ate the opportunities for improving energy efficiency.

1.2.1.3 Industry Rankings

Using the results of the energy footprint analysis, 16 industrial sectors were compared in a number of categories
including: primary energy use, energy use for fuel and power, use of fuel versus power, use of steam and fired
systems, onsite cogeneration, and others. Chapter 2, U.S. Manufacturing and Mining, contains the results of each
ranking exercise. The rankings provide a useful diagnostic tool for identifying the top energy consumers, the primary
functional uses of energy, and the propensity of industry to use onsite power generation rather than purchased
electricity.

Energy Use, Loss and Opportunities Analysis: U.S. Manufacturing and Mining 5



These rankings also reveal ed a select subset of the industrial sector that warranted further study and analysis.
Consequently six industries were the chosen focus for the remainder of thisreport: chemicals, petroleum refining,
forest products, iron and steel, food processing, and mining. The top functional categories— steam, fired systems,
motor-driven equipment, and onsite generation — are also highlighted. Separate chapters describe the unique energy
characteristics of each industry and technology area, potential sources of energy loss, and potential opportunities for
energy loss reduction and recovery.

1.2.2 Loss Reduction and Recovery Opportunities Analysis

Using the rankings of the top energy systemsusers provided by the energy use and loss study as a starting point (see
Table 1-3), additional analyses were conducted to narrow down process-specific opportunities. The following criteria
were used to guide the selection of industries for further analysis: 1) energy use and losses were large, 2) waste heat
represented a significant source of energy losses, and 3) the potential for cross-industry impacts was high.

Table 1-3 Major Industrial Users of Energy Systems For e>.<ample, thethermal' processes usedin
Motor Energy Used chemicals, petrol_eum refining, forest products
Steam Fired Driven in Energy and food processing share many _
Systems | Systems | Systems Systems characteristics, and waste heat is a substantial
Industry (Rank) (Rank) (Rank) (TBTU) potential energy source in each of these
Petroleum industries. Thus, based on their energy use
Refining 3 1 4 3401 profile, the industries ultimately selected for
ggreergcals 2 3 1 3334 further study included petroleum refining,
Products 1 8 5 3082 chemicals, forest products, iron and steel, food
Iron and and beverage, and cement.
Steel 7 2 6 1593
EOOd and A A 5 1052 For the six industries selected, estimates of the
C‘;\r’ferﬁ?e 5 = 5 355 energy intensity (Btu/product unit) and
Fabricated production values associated with specific
Metals 11 10 7 332 energy systems were made for each industry.
Transport Process energy estimates were based upon
Equipment 6 13 9 324 dataavailable currently in open literature, and
Textiles 5 15 9 297 .
Mining 15 3 3 590 were correlated with the 1998 MECS to

validate order of magnitude.

Average equipment efficiencies were estimated and energy losseswere then calculated for each process to ascertain
quantifiable energy reduction opportunities for each major process. Average equipment efficiencies were determined
based on open literature, communication with industry experts, and equipment suppliers and energy system
consultants. In some cases, assumptions of equipment efficiency were made based on widely known best practices.
Detailsfor each industry analysis are provided in Appendix B.

The second phase of the study differsfrom thefirst in that energy loss cal culations encompass those | osses occurring
at the end of the process (e.g., exit gases, flue gases, hot water). The first phase of the study concentrated entirely on
losses occurring prior to use in the process operation (eg., central energy generation losses, losses in distribution and
conversion to work). However, because energy systems are often integrated closely into the process, energy
conversion losses are difficult isolate. Thus, there may be some overlap with end-of-process losses. The second
phase of the analysis focused on the major process level, with the primary objective of pinpointing the major loss
targetsin each industry and later tying thoselosses to specific processes and energy systems equipment. By doing so,
conclusions can then be reached regarding high profile targets and possible technology options for reducing energy
system | osses.

After assessing the potential opportunities, estimates were made concerning the percent of energy that could be likely
reduced or recovered and the various technol ogy options that might be suitable candidates. These estimates were
based on communications with equipment and industry experts, open literature citationsdocumenting potential
efficiency improvements, and best engineering practices. Assumption details are provided in the individual industry
chapters and in Appendix B.

Energy systems were grouped according to specific thermal processes, as defined in Table 1-4. Two major categories
are used to encompass all the thermal processes shown in Table 1-4 — steam systems (e.g., boiling or distillation) and
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fired systems (all other thermal processes shown). Most of the resultsin this report are presented within the context
of these two categories. In some cases, whereit isdifficult to separate steam from other thermal systems (e.g.,
chemicals manufacture) thermal energy use was combined into one aggregate table.

Estimates of potential energy savings were distributed among categories that range from near-term best practices to
completely new technology that must be developed through R&D. Best practices opportunities, are those that may be
achieved in therelatively near term (immediately to 2-3 years), whereas revolutionary R& D might take much longer
to achieve results (7-10 years and beyond). A summary of the categoriesisprovidedin Table 1-5.

Table 1-4 Definition of Thermal Processes

Temperature o . .
Process Regime (°F) Description Typical Applications
Heating of liquid or gas to raise its temperature Heating of water, petroleum crude,
Fluid Heating 150-800 without significant vaporization or separation of its | chemical feedstocks, and other
constituents liquids
Bplll_ng or 300-1000 Vapor generation from water or other liquid Steam generation
Distillation
Drvin 200-700 Removal of physically mixed water or other liquid | Drying of lumber, paper, paint, ore,
ying from material grain, food products, chemicals
: Heating of material (to promote binding of : : :
Curing and . - Heating of plastic, rubber, bricks,
formir?g 300-2500 constituents or changing strength ) for further cerami%s P
processing
Metal or non- 200-2500 Raising temperature of the metallic or non-metallic | Heating of steel, aluminum, or
metal heating material for further processing other materials for rolling, forging
Heating of material to change its structure and/or . ;
. o . - Heat treating of steel or aluminum
Heat treating 400-2500 composition in air or in presence of special gas to make it sc?ft or hard
mixture (atmosphere)
. Heating of metal to change from solid to liquid Melting of steel, aluminum, copper,
Metal Melting 800-3000 form and other materials in furnaces
Non-metal 1500-3000 Heating of non-metallic material to change from Melting of glass, salts, non-metallic
melting solid to liquid form minerals
Calcining 1500-2000 Heating of ma}enal (mostly non-metallic) to Lime, ore, or chemical calcining
remove chemically bound water
. Heating of material-ore in presence or mixed with | Iron ore, copper, and zinc ore
Smelting >2000 other material (carbon) to produce molten metal smelting
: To heat material to produce material that is fused
,_A\gig]lf)erﬂﬁgatlon >2000 or "agglomerated" by the effect of high Powder metal, iron ore pelletizing
temperature
Other 200-500 gﬁ)ozgg;r:;terlal for a variety of end-uses or Frying, cooking, baking

Table 1-5 Improvement Potential Categories

Best Practices

Existing potential

best practices

Can be attained with existing operations using tools and methodologies for

Future or new potential

Will require new tools and methodologies for best practices

Technology

Commercially available
technology and equipment

climate

Can be attained with available technology and equipment; may be currently
constrained by lack of proven track record in operating practice, lack of
awareness on the part of industry, capital or operating cost, or investment

equipment

Commercially available
alternative technology and

Same as above, only technology is an alternative to conventional practice
and may not be proven in the particular application, which will increase risk

Future R&D for new
technology and equipment

Will require R&D to develop new technology and equipment that does not
currently exist or is currently not technically feasible, practical, or economic

Future R&D for alternative
technology and equipment

Same as above, only the technology will be take a completely different
approach to providing thermal energy (e.g., alternate - innovative heat
generation method, direct heat instead of steam)
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1.2.3 Definition of Terms

Throughout this report a number of parameters are utilized to interpret the energy footprints and to describe energy
use and losses. These are defined below, in aphabetical order.

Combined heat and power (CHP)— energy system used for onsite cogeneration of steam and electricity.
Conventional power — gas or steam turbines generating onsite power, with heat recovery.

Electricity demand —the net use of electricity at the plant site, equaling purchased electricity and electricity
generated onsite minus electricity exported offsite.

Electrochemical or Electrolytic Cells — Energy used in systems that convert raw inputs to products through an
electrochemical reaction

Energy conversion systems — systemsthat convert energy into usable work for delivery to processes, such as
heat exchangers, fired heaters, condensers, heat pumps, machine-drive, and onsite transportation.

Energy distribution systems — pipes and transmission lines for delivering fuels, steam, and electricity to
processes and equipment.

Energy export —excess energy (mostly electricity) generated onsite that is exported offsite to the local grid or
another facility.

Energy source flexibility —feasibility of alternative energy systems, such as using direct heat rather than steam or
electricity, or systems fired with renewable fuels

Facilities — energy used to provide heat, cooling, and lighting for building envelopes at the plant site.

Feedstock energy — energy used asaraw material in the production of non-fuel products, such as chemicals,
materials, tar, asphalt, wax, steel, and others. The most commonly used energy feedstocks are petrol eunypetroleum
derivatives and natural gas.

Fired Systems— direct- and indirect-fired process heaters such as furnaces, dryers, re-boilers, and evaporators.

Fuel and electricity use —direct use of fuels and electricity at the plant site, taken directly from the Manufacturing
Energy Consumption Survey [MECS 1998] for the manufacturing sector, and estimated for mining based on a recent
study [Mining 2002]. Electricity includes purchased electricity only, not electricity generated onsite (see electricity
demand, below). Fuels used to generate on-site electricity aswell as byproduct fuels are included in the fuels
category. Offsite electricity losses are not included.

Motor systems— motor-driven systems, such as compressors, fans, pumps, materials handling and processing
equipment, and refrigeration. Materials handling equipment includes conveyors and assembly processes that are
typically motorized. Materials processing includes grinders, crushers, mixers, and other similar equip ment of this
nature. Motor energy is converted to external work (rotating, lifting, spinning, moving), and is sometimes called shaft
work.

Offsite losses—the energy losses incurred during the generation and transmission of electricity at offsite utilities,

plus the energy losses incurred during the transport of fuelsto the plant boundary. The efficiency of utility power
generation and transmission is assumed to be 10,500 Btu/kWh, which is equal to an overall efficiency of about 32.5%.
This does not represent the state-of-the-art, but an average value for the national grid. Fuel transport energy losses are
assumed to be approximately 3%.

Onsite losses—lossesincurred in energy distribution and conversion systems, and in the central energy plant where
steam and electricity are generated. Boiler generation losses represent energy lost due to boiler inefficiency. Onsite
power generation losses are those associated with generation or cogeneration of electricity. Distribution losses
represent steam heat lost in traps, valves, and steam pipes, and transmission lossesin onsite fuel and electricity lines.
Energy conversion losses occur in heat exchangers, preheat systems, motor driven systems, or other equipment where
the transfer of energy from steam, direct heat or cooling, or electricity takes place, prior to delivery of energy to the
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process. In many cases energy conversion equipment is integrated directly with the process unit, making it difficult to
estimate pre-process | osses.

Onsite Transport — Energy used to fuel equipment (trucks, forklifts, etc.) that carry materials between locations at
the plant site.

Primary energy use —thetotal processing energy consumption associated with an industrial sector. It isthe sum of
energy purchases (fuel and electricity), byproduct energy produced onsite, and the offsite losses associated with
energy purchased from utilities and fuel suppliers (see offsite losses, below). Primary energy does not include
feedstock energy, i.e., energy used as araw material.

Process cooling — energy used for cryogenic and other cooling systems. This category may have some overlap
with motor-driven refrigeration.

Process energy — energy used in industry-specific processes, such as chemical reactors, steel furnaces, glass
melters, casting, welding or forging of parts, concentrators, distillation columns, and so forth.

Process heating — an aggregate of the energy used for process heating, including the use of steam, fired heaters,
and all other heating devices.

Steam systems— the complete steam system, including boilers, steam distribution lines, steam traps, and final
delivery of steam to the process (e.g., heat exchangers).

Waste heat source reduction —reducing the amount of heat required through the use of innovative energy
systems, heat integration, heating system redesign, or other means.

Waste heat recovery — recovering or recycling of high; mediun and |ow-temperature waste energy through means
such as energy recycling, energy cascading, absorption heat pumps, optimized condensate recovery, or other
technology.

Controls, automation, and robotics— advanced controls, automation, and robotics to improve energy system
efficiency.
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2.0 U.S. Manufacturing and Mining

2.1 Background

The U.S. manufacturing and mining sector is highly diverse, using thousands of processes to manufacture literally
millions of different products. The mining and oil and gas extraction industries are the primary sources of raw
materials for the manufacturing sector. Manufacturing is a complex composite of many industries— some convert raw
materialsinto intermediate and final products, while othersform, forge, fabricate, and assemble final products.

There are integral links between the raw material industries, heavy industries(e.g., chemicals, steel, pulp and paper)
which convert raw materials, and the industries that create finished products. For example, mining provides raw
materials for the production of intermediate steel products, which are then sent to forgers and fabricators, and supplied
finally to the transportation industry where they become automotive components. Similarly, changesin energy use
patternsin the heavy industries can ripple through the industries they supply goods to, affecting not just product costs,
but the life cycle energy embodied in the final product. Consequently, in examining energy use patterns, it is critical
to understand the inter-dependencies of industries, as well as the unique energy needs of individual industries.

This study looks at the 16 industrial sectors described in Chapter 1, representing alarge subset of the mining and
manufacturing sector and capturing about 95% of energy consumption. Comparative rankings of the industries are
provided for overall energy use, energy use in specific functional systems, and energy losses.

2.2 Energy Use and Loss Analysis

Overview

Primary energy — A snapshot of primary energy use (fuels and power, plus offsite |osses) for the manufacturing and
mining sector isshown in Table 2-1. Energy losses are highlighted in red. Primary energy use for manufacturing and
mining is about 26 quads (quadrillion Btus), which represents 27% of the energy consumed in the United States [EIA
2001].

Table 2-1 Snapshqt of Energ'y'Use aqd_ Losses in U.S. Fuel type — In manufacturing, natural gas
Manufacturing and Mining (Trillion Btu) accounts for the major portion of purchased
Category Manufacturing | Mining | TOTAL* fuel use, at about 38%, followed by smaller
amounts of purchased electricity (17%) and
Primary Energy Use 24658 1273 25931 coal, petroleum and other fuels (13%). A
Offsite Losses 6884 520 7404 significant portion of energy is byproduct
Fuel & Electricity 17774 753 18527 fuels, which account for about 32% [MECS
Onsite Losses 5591 311 5902 1998]. Byproduct fuels are comprised mostly
Steam Generat_ion 1233 1 1234 of fossil-based fuel gases and liquid
Power Generation 166 16 182 byproducts, and wood processing byproducts.
Energy g'smb““,o“ %332 2131 lff Major users of byproduct fuelsinclude
Energy Conversion 86 8 3143 petroleum refining, chemicals, forest products,
Facilities Energy 1405 neg 1405 - L . .
Energy Exported 79 ~001 79 and iron and steel. Mining relies heavily on
Energy Delivered to 10699 442 11141 transportation fuels for both onsite transport
Processes and electricity to power drilling and other

*Excludes feedstock energy. operations. [Mining 2002].
Feedstock energy — Energy isalso used as araw material for the production of non-fuel products such as
petrochemicals, fertilizers, asphalt, wax, tar, steel, and other consumer products. Since process energy use (fuels and
power) isthe focus of this report, feedstock energy is not included in the energy totals shownin Table 2-2 and is
mentioned only in subsequent chapters to providing a context for overall energy use. However, the quantity of energy
purchased for feedstocksis significant— 7.3 quadsin 1998 (see Figure 2-1), and brings the annual energy usein
manufacturing and mining to more than 33 quads. Of thistotal, feedstocks account for a substantial 22%. The largest
users of feedstock energy include chemicals, petroleum refining, and iron and steel. Feedstock energy is used in small
quantitiesin forest products, food and beverage, and textiles, and for anode manufacture.
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There are several waysin which energy use can be reported for Fuel Oils 1%
manufacturing and mining. Thefirst, shown in Figure 2-2, (58 Tbtu)
illustrates what is termed “total energy use”. Total energy use 82;?;3“:’:/;

includes energy used for feedstocks, fuels and power, and the

losses incurred offsite at utilities and in fuel transport. Thisisthe

most complete picture of energy associated with an industrial

sector. With this approach, the petroleum and coal products Coal/Coke 9%
industry ranks first in energy use. (694 Tbtu)

Natural Gas 11%
(782 Thbtu)

Energy consumptionis also reported in the MECS as “first use of
energy”, which includes net use of feedstocks and fuels and power
(see Figure 2-3), and does not include offsite losses. To avoid

double-counting of energy use, the fuel and power reported in first LPG/NGL** 24%
use of energy is adjusted to remove combusted fuels that produce (1746 Tbtu)
byproducts later used as feedstocks. This adjustment is only *Other includes petroleum-derived byproduct gases
significant for the chemicals, petroleum refining, and iron and steel and solids, woody materials, hydrogen, and waste
industries. materials.

*LPG/NGL are liquefied petroleum gases (mixtures
First use of energy provides an overall picture of all the energy of alkanes and olefins) and natural gas liquids.
sources that are purchased by an industry, as well asthe fuels that ) _
are produced onsite. Sinceit includes feedstock energy, however, Figure 2-1 Use of Feedstock Energy in the

Manufacturing and Mining Industries

it does not illustrate the energy that is used strictly for heat, cooling
— 7.3 Quads

and power or for other uses within the plant boundary, which isthe
primary object of thisstudy. For thisreason, two other energy
categories are examined: Primary energy and fuels and power.

For the purposes of this report, primary energy use and fuels and electricity (or power) use are of the most interest.
Primary energy includes fuels and power as well as offsite |osses; it represents all the energy associated with industrial
processes, both external and internal to the plant boundary. Fuels and power does not include offsite osses, and
represents the energy associated with industrial processes strictly inside the plant boundary.

Differentiating between inside or outside the plant boundary isimportant when eval uating technol ogy options for
improving energy efficiency. Within the plant boundary, an industry has control over its energy consumption.
Outside the plant boundary, where energy is generated by or provided by utilities, an industry has little or no control
over technology efficiency. However, an industry canreduce energy losses associated with external energy supply by
adopting technologies that allow it to generate more energy onsite more efficiently than the utility (e.g., cogeneration).

Trillion Btu

Top Ten

Energy Delivered 2
Feedstock Energy P

gonm

Offsite Losses ©

a Includes energy (fuels, power) delivered from utilities and energy generated onsite from byproducts.

b Energy (mostly petroleum and natural gas) used to produce non-fuel products (e.g., chemicals, asphalt, tar); not included foriron and steel to avoid
double -counting of energy inputs.

¢ Includes offsite losses incurred during the ion and trar ission of icity, and during transport of fuels through pipelines or other systems.

Figure 2-2 Total Energy Use in Manufacturing and Mining
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a Includes energy (fuels, power) delivered from utilities and e nergy generated onsite from byproducts; chemicals and petroleum adjusted to avoid
double -counting of fuels used on-site to produce feedstocks.

b Energy (mostly petroleum and natural gas) used to produce non-fuel products (e.g., chemicals, asphalt, tar); not included foriron and steel to avoid
double -counting of energy inputs.

Figure 2-3 First Use of Energy in Manufacturing and Mining

Primary Energy Use

Primary energy, which includes the energy losses associated with offsite utilities and fuel transport, presents an overall
view of fuel and electricity use associated with manufacturing and mining (excluding feedstock energy).

Primary energy use and offsite energy Trillion Btu

losses are shown for each sector in Figure 6000 _
2-4, ranked from left to right by U.S. Manufacturing & Mining Total Primary Energy Use &

magnitude of energy use. The combined
total primary energy use for
manufacturing and mining is about 26

b

quads annually, or approximately 30% of Energy Delivered

Offsite Losses & =

al U. S. energy use AsFigure2-4
illustrates, energy use ranges widely
acrossindustrial sectors, with the heavy
industries (chemicals, forest products,
petroleum, iron and steel) emerging as the
most energy-intensive.

a Includes offsite losses incurred during the generation and transmission of electricity, and during
the transport of fuels through pipelines or other systems.

b Includes energy delivered from utilities and energy generated onsite from byproducts and
renewable resources. Does not include feedstock energy used to produce non-fuel products.

Figure 2-4 U.S. Manufacturing and Mining Total Primary Energy
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Table 2-2 ranks industry by primary energy use and
identifiesthe largest consumers. AsTable2-2 illustrates,
the chemical industry isclearly the greatest user of primary
energy, followed by forest products and petroleum refining.
Other principal large consumers, with primary energy use of
nearly one quad per year or more, include iron and steel
mills, food and beverage, mining, aluminum, and
transportation equipment manufacture.

The top three industries share several characteristics that
contribute to their high energy consumption. First, the core
processes used to convert raw materialsin these industries
are characterized by operation at high temperatures and
pressures. Second, each consumes vast amounts of steam
energy. Third, the energy efficiency of some core processes
isfar below optimal, for avariety of reasons. Inthe
chemical and petroleum refining industries, for example,
over 40,000 energy-intensive distillation columns play a key
rolein producing chemicals and fuels. The energy
efficiency of these energy-intensive columnsistypically

low (20-40%). To some degree, these same characteristics—
high temperatures and pressures, steam intensity, and
“thermal inefficiency” — elevate energy usein all other

large, energy-intensive industries.

Fuel and Electricity Use

Table 2-2 Industry Rank by Primary Energy Use

Sector TBtu Rank
Chemicals 5074 1
Forest Products 4039 2
Petroleum Refining 3835 3
Iron & Steel Mills 2056 4
Food & Beverage 1685 5
Mining 1273 6
Alumina and Aluminum 958 7
Transportation 902 8
Equipment

Fabricated Metals 815 9
Computers, Electronics 728 10
Plastics & Rubber 711 11
Textiles 659 12
Cement 446 13
Heavy Machinery 416 14
Glass & Glass Products 372 15
Foundries 369 16

Fuel and electricity users are shown in Figure 2-5, ranked by order of magnitude from left to right. Thisfigure
illustrates the direct use of purchased energy and byproduct fuels, and does not include losses incurred at offsite
utilities. It provides a practical measure of the actual use of fuels and electricity at industrial facilities. The fuel
category includes byproduct fuels generated at the plant site, aswell as the onsite use of renewable sources such as
solar energy. Thetop six energy consumers of fuel and electricity by industrial sector are: chemicals, petroleum
refining, forest products, iron and steel, food and beverage, and mining.

Trillion Btu

Fuel

Electricity
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Figure 2-5 U.S. Manufacturing and Mining Direct Use of
Fuel and Electricity
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Table 2-3 Comparison of Fuel and Electricity Use by
Industrial Sector

Total Fuel Use Electricity
Sector TBtu | Rank TBtu | Rank | TBtu | Rank
Chemicals 3729 1 3127 2 602 1
Petroleum Refining 3478 2 3355 1 123 12
Forest Products 3263 3 2936 8 327 2
Iron & Steel Mills 1672 4 1509 4 163 10
Food & Beverage 1156 5 915 5 241
Mining 753 6 510 6 243 4
Transportation 488 7 293 8 195 6
Equipment
Alumina & Aluminum| 441 8 195 12 246
Fabricated Metals 441 9 265 9 176 9
Textiles 359 10 218 10 141 11
Cement 355 11 316 7 39 16
Plastics & Rubber 327 12 144 14 183
Computers, 321 13 127 15 194 7
Electronics
Glass & Glass 254 14 200 11 54 15
Products
Foundries 233 15 170 13 63 14
Heavy Machinery 213 16 117 16 96 13

Note: Shading indicates top ten ranking for total fuel and electricity use.

plastics and rubber, transportation equipment, fabricated metals,
and heavy machinery. Electricity accounts for 40% or more of
energy requirementsin these industries.

From afuel perspective, five industries would be most
vulnerable to fuel availability: chemicals, forest products, iron
and steel, petroleum refining, and cement. Fuel use accounts
for about 90% or more of energy use in these industries. Natural
gasis of particular concern, since it comprises the largest share
of purchased fuel use. However, all but one industry also rely
heavily on byproduct fuels. Other relatively heavy fuel users
include mining, food and beverage, fabricated metals, foundries,
and glass making.

Onsite Generation and Electricity Demand

Electricity demand provides a more complete picture of
electricity usein individual industries. Electricity demandisa
composite of purchased electricity, plus electricity generated
onsite by cogeneration or conventional power generation,
minus excess electricity exported offsite.

Table 2-3 compares and ranks the total use of
electricity and fuels among different industrial
sectors. This comparison provides a means
of identifying those industries that are highly
electricity or fuel-intensive. It also helpsto
identify those industries that could benefit
from the use (or increased use) of efficient
onsite cogeneration technology.

AsTable 2-3illustrates, the top users of fuel
and electricity are some of the most energy-
intensive heavy industries (chemicals, forest
products, iron and steel mills), metal
fabricators, and end-users who rely on these
industries (transportation equipment, food and
beverage). Table 2-4 showstherelative
importance of electricity and fuelsfor each
sector, which isimportant when assessing the
vulnerability of individual industries to energy
price or energy supply volatility.

Table 2-4 identifies seven industries that may
be particularly susceptible to the availability,
quality, and price of electricity: aluminaand
aluminum, mining, computers and electronics,

Table 2-4 % Fuel and Electricity Use
Sector %Fuel | %Electric
Chemicals 84 16
Forest Products 90 10
Alumina/Aluminum 44 56
Mining 68 32
Food & Beverage 79 21
Transportation 60 40
Equipment
Computers, 40 60
Electronics
Plastics and 44 56
Rubber
Fabricated Metals 60 40
Iron and Steel 90 10
Mills
Textiles 61 39
Petroleum 96 4
Refining
Heavy Machinery 55 45
Foundries 73 27
Glass and Glass 79 21
Products
Cement 89 11

Electricity demand for individual industriesis shown in Table 2-5, along with the percent of electricity that is
generated and used onsite. Significant onsite power generators include chemicals, forest products, petroleum refining,
iron and steel mills, food processors, and cement. Notably, some of the industries that are most dependent on
electricity (i.e., greater than 40% of total energy use) rely almost entirely on purchased electricity. These industries
include: aluminum, computers and electronics, plastics and rubber, heavy machinery.

Figure 2-6 illustrates the use of onsite power systemsto meet demand for energy in manufacturing and mining. About
13% of electricity demand in manufacturing and mining is met through onsite power generation. Most electricity
(over 95%) is generated using cogeneration systems which also provide high-temperature steam.
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Cogeneration is the optimal choice for onsite generation, as it
provides power and steam with thermal efficiencies 20-30%
higher than non-cogenerated power. Despite its advantages,
cogenerated steam currently only accounts for approximately
8% of total steam demand. The adoption of cogenerationis
limited by large capital investments for power systems and the
capacity to utilize additional steam onsite. Aslarge steam and
electricity users, chemicals, forest products, and petroleum
refining are logically large cogenerators (see Table 2-5).

CHP Steam Solar,
Losses Geothermal
103 TBtu 12TBtu

Power
Losses
182 TBtu

CHP
Electricity
428 TBtu

CHP Steam
410 TBtu

Conventional
~ Electricity*

54 TBtu
*Onsite power systems producing only electricity.

Figure 2-6 Onsite Power Generation and Loss
Profile for Manufacturing and Mining

End-Use Profile

Table 2-5 Industries Ranked by Electricity

Demand

Electricity Demand
Sector Thtu Rank | % Onsite
Chemicals 733 1 18
Forest Products 491 2 33
Mining 262 3 7
Food & Beverage 258 4 7
Alumina & Aluminum 249 5 1
Transportation 198 6 2
Equipment
Computers, 194 7 0
Electronics
Plastics & Rubber 184 8 <1
Iron & Steel Mills 181 9 10
Fabricated Metals 176 10 0
Petroleum Refining 174 11 29
Textiles 142 12 1
Heavy Machinery 97 13 1
Foundries 63 14 0
Glass & Glass 54 15 0
Products
Cement 41 16 5

Energy is consumed throughout industry to generate steam, to provide direct process heating and cooling, to power
machine drives and electrolytic systems, to generate power, and to heat, cool and light facilities. A breakdown of
energy end-use for the manufacturing and mining sector is shown in Figure 2-7.

Total fuel and electricity delivered to manufacturing and

Other Facilities

Electro- 494 8%
chemical
2%

Process
Cooling 1%

Motor
Systems
12%

Total Delivered

Fuel and
Electricity: Fired
18,527 TBtu Systems

38%

mining (excluding any offsite energy |osses) totals more
than 18.5 quads. Steam, fired systems and cooling
systems dominate industrial energy useat 74% of the total.
These include energy systems that are commonly used
throughout many industries, such as boilers and steam-
driven equipment, aswell as direct or indirect-fired
systems such as furnaces, dryers, calciners, evaporators,
condensers, and other direct-fueled heating systems.

M otor-driven systems account for the next substantial
share of energy use at 12%.

The distribution shown in Figure 2-7 represents an average

across industry, and may vary significantly for an

Figure 2-7 Energy End-Use in Manufacturing
and Mining

individual industry. Foundries, glass, and cement, for
example, use virtually no steam. In aluminum, electrolysis

accounts for about 40% of energy use.

Other energy uses include mostly onsite transportation systems for conveying products within the plant boundary, and
for the heating, cooling, and lighting of facilities. Energy for facilities conditioning averages about 8% industry-wide,
but can be aslittle as 1% or lessin some industries where operations are conducted mostly outdoors (e.g. mining) or

more than 10-15% in highly conditioned facilities (e.g., cold or clean room operations).
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Table 2-6 Industry Ranked by Steam Use
Steam Use

Sector Thtu Rank
Forest Products 2442 1
Chemicals 1645 2
Petroleum Refining 1061 3
Food & Beverage 610 4
Textiles 132 5
Transportation 112 6
Equipment
Iron & Steel Mills 96 7
Plastics & Rubber 81 8
Computers, 53 9
Electronics
Alumina & Aluminum 41 10
Fabricated Metals 35 11
Heavy Machinery 25 12
Foundries 22 13
Glass & Glass 5 14
Products
Mining 4 15
Cement 1 16

Note: Steamuse includes small amount of electrically-
generated steam (e.g., coils, rods).

Use of steam by industrial sector is shown in Table 2-6, ranked
by magnitude. Four industries—forest products, chemicals,
petroleum refining, and food and beverage — account for 87% of
steam usein industry. Textiles, transportation equipment, iron
and steel mills, and plastics and rubber products are also
significant steam users.

The energy conversion component of steam systems (e.g., heat
exchangers, injectors, mechanical drives) varies substantially
among industries and is generally process- and site-specific.
The chemical industry, for example, uses steam mostly for fluid
heating (steam stripping, steam reforming). Other industries
may use steam for direct heating of parts or components, for
cleaning, or for other process heating (e.g., sterilization). The
specific uses of steam within particular sectors are discussed in
the opportunities analyses of individual industries.

Fired systems account for a substantial share of energy use and
losses. These systems are used widely across many industries
for the direct and indirect heating of gases, fluids and solids
(e.g., metals). AsTable 2-7 illustrates, energy use attributed to
fired systems is significant (more than aquad) in three
industries (petroleum refining, iron and steel mills, and
chemicals) and isprominent (above 200 T Btus) in another five
industries. The primary fuel used for fired systems is natural
gas, with smaller amounts of petroleum, propane, and coal. The
energy efficiency of fired heating systems varies widely
depending upon the application and the material being heated.

Table 2-8 shows the primary users of motor-driven equipment. Chemicals and forest products are the leading users,
followed by mining and petroleum refining.

Table 2-7 Industries Ranked by Use Table 2-8 Industry Ranked by Motor
of Fired Systems Systems Use
Fired Heaters Motor Use
Sector TBtu Rank Sector Totu Rank
Petroleum Refining 2156 1 Chemicals 482 1
Iron & Steel Mills 1372 2 Forest Products 429 2
Chemicals 1207 3 Mining 185 3
Food & Beverage 300 4 Petroleum Refining 183 4
Cement 296 5
— Food & Beverage 142 5
Mining 204 6 TR >
Glass & Glass 204 7 Iron & Steel Mills 121 6
Products Fabricated Metals 104 7
Forest Products 196 8 Heavy Machinery 99 8
Heavy Machinery 182 9 Transportation 99 9
Fabricated Metals 182 10 Equipment
Alumina & Aluminum 164 11 Plastics & Rubber 98 10
Foundries 147 12 Textiles 85 11
Transportation 94 13 Computers, Electronics 56 12
Equipment
Computers, 65 14 Cemrtent i 40 13
Electronics Alumina & Aluminum 33 14
Textiles 62 15 Glass & Glass Products 22 15
Plastics & Rubber 60 16 Foundries 19 16
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Loss Profile

Asdiscussed in Sections 1.2 and 1.3, energy losses associated with industrial energy use take two forms: offsite and
onsitelosses. Offsitelosses are comprised mostly of losses associated with electricity purchased from utilities, with a
much smaller share attributed to fuel losses in pipes and other transport and storage systems. Electricity losses are the
result of turbine and power system efficienciesfrom (aslow as 25% for older steam-based systems, up to 40% or
more for state-of-the-art gas turbines). On average, this means every kilowatt hour of power generated by a utility
reguires three kilowatt hour equivalents of fuel. Even though the industrial facility does not incur these losses,
including them in the loss analysis provides atotal picture of the energy associated with an individual industry’s use
of electricity. When viewed in this context, offsite losses account for over 57 percent of the total energy losses
associated with manufacturing and mining, and nearly 30 percent of energy inputs.

As stated earlier, industrial facilities have no control over the efficiency of power generation at utilities. However,
reducing use of purchased electricity by improving energy efficiency or by switching to more efficient onsite power
generation systems can decrease offsite |osses and improve the availability and reliability of energy supply to the
plant. For thisreason, offsite losses are an important aspect of this study.

Onsitelosses are the losses incurred within a plant boundary, and take various forms (see Sections 1.2.1 and 1.2.3).
Overall, about 32 percent of the energy input to plantsislost inside the plant boundary, prior to usein the intended
process. Many onsite |osses are typical acrossindustries, such asthose incurred in steam systems, cogeneration and
conventional power units, energy distribution lines, heat exchangers, motors, pumps, compressors, and other
commonly used equipment. In other cases, onsite losses are highly specific to theindustrial processes employed.
This study estimates the onsite prior-to-process energy |osses common to many industries, using standard | oss factors
obtained from literature and expertsin their respective fields. The reference section provides details on the sources
used for loss analysis.

Figure 2-8 depictstotal onsite and offsite losses Trillion Btu
for individual industries, ranked from left to 2500
right. Thisfigure illustrates clearly that offsite
losses are substantial, and in most cases much
larger than those experienced onsite.

2000

Industries that are proportionately large users of 1500
electricity will also exhibit large offsite losses.

This occurs because electricity generation and

transmi ssion losses comprise the largest share of
offsitelosses. The alternateistrue for limited

users of electricity, and for industries that 500}
cogenerate large amounts of their electricity
demand. Petroleum refining, for example, only
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The sameistrue to alesser extent for forest & ¢
products. Figure 2-8 U.S. Manufacturing and Mining Offsite and

Onsite Energy Losses

In targeting efficiency improvements for energy systemsin industrial plants, it isimportant to define preliminarily the
sources of onsitelosses. This provides afirst passidentification of energy-saving opportunities and energy sinks. An
overall breakdown of onsite losses in the manufacturing and mining sectorsis shown in Figure 2-9. These include
only losses incurred prior to usein processes. In addition, another 20-50% or more of energy inputsis possibly lost at
the end of the process through exit gases, evaporative or radioactive heat losses, and in waste steam and hot water.
This study does not attempt to determine these losses, but they can be considerable, asillustrated in Figure 2-9.

As noted previously, onsite lossesare substantial and account for 32% of energy inputsto industrial plants.
Translated, that means about one-third of energy input islost due to inefficienciesin plant energy systems prior to use
in process-specific operations (e.g., chemical reactors, glass furnaces, wood pulping units). Lost energy coupled with
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energy used to condition and light facilities, means only about 60% of the energy inputis actually used to drive
industrial processes. Thus of the 17.8 quads that arrive at industrial facilities, about 5.7 quads are lost prior to process
units and never recovered.

Energy conversion systems (heat exchangers, preheaters, heat
Total Fuel and Electricity Use: 18,527 TBtu pumps, reboilers, condensers, and others) account for about one-
Total Onsite Losses: 5,902 TBtu third of onsite losses, and represent large targets for
improvement. The remainder of onsite losses is distributed
relatively evenly among steam and power systems, energy

Boilers/ distribution, and motor-drives.
Energy To Power 24%
Processes . N .
60% Distribution ) ) i
=~a_ Onsite 23% Table 2-9 provides industry rank for onsite losses, and the
possible | oo Conversion percent of energy inputs these losses represent for each industry.
Endo 3% Percents are cal culated by dividing the onsite losses by the
Losses oS amount of fuel and electricity inputs to the industry (not primary
ystems 20%

energy, which includes offsite losses). 1n 10 out of 16
s indugtries, offsite losses accognt for more t_han 25% of energy
8% use (i.e., 25% of energy entering the plant islost due to
equipment and distribution system inefficiencies). In seven of
Figure 2-9 Onsite Energy Loss Profilefor US.  these industries, onsite losses are more than one-third of fuel

Manufacturing and Mining Sector and electricity inputs.
Table 2-9 Industry Rank by Onsite Losses Lqrge users of high—temperature and high-pressure processes
and Percent of Energy Use (fuels, electricity) will have large onsite losses due to equipment and thermal
Onsite Losses efficiency limitations. In most industries, onsite |osses are
Sector TBtu | Rank | % Use related directly to process equipment and plant configuration.
Forest Products 1474 1 45 .
Chemicals 363 T 3 37 System-Specific Losses
Petroleum Refining 978 3 28 . e
5 Examining the components of energy losses for specific energy
Food & Beverage 407 4 35 end-uses helps to identify energy saving opportunities. The
Iron & Steel Mills 378 5 23 components of onsite energy losses are illustrated in Figure 2-
Mining 311 6 41 10, and summarized in Table 2-10. The bulk of energy losses
Alumina & Aluminum| 153 7 55 occur in process heating, which is comprised of steam systems,
Transportation 142 ) 29 fired systems and cooling systems. St_eam_system losses
Equipment account for the largest share of lossesin this category, at 2.8
Textiles 128 9 36 quads, or about 45% of total energy input to steam systems.
Fabricated Metals 117 10 27 Fired heating and cooling systems account for another 1.3
Plastics & Rubber 113 11 35 quads, or about 13% qf energy mput_s tothose systgms. Motor
system losses, which include losses in motor windings as well as
Computers & 75 12 23 . .
Electronics mechanical componentsin pumps, compressors, and so forth,
amount to 1.3 quads or 55% of motor system energy inputs,
Glass & Glass 54 13 21 . .
Products which represents the largest proportional |oss of any end-use
Cement 52 14 15 category.
Heavy Machiner 52 15 24 L. -
= Z i y vy, 16 50 It isimportant to note that the losses shown in Figure 2-10 and
oundries Table 2-10 represent losses incurred prior to use in the process,

and does not include losses that occur at the end of the process.
Asdiscussed earlier, these losses, which include energy embodied in waste heat, exit gases (stack, flue, flare, etc.),
waste steam or hot water, and other sources, can be as much or more than those incurred prior to the process. Looking
at fired systems, for example (if just the distribution and conversion |osses are taken into consideration), the
assumption could be made that these systems are roughly 80% efficient. When considered from when energy enters
the plant gate to the end of the process, as much as 50% of the energy to fired systems could potentially be lost.

The important point isthat the losses estimated prior to the process underestimate the total 1osses associated with a
particular process overall, since they do not consider exhaust and other downstream waste heat sources. Estimation of
end-of-process losses is generally outside the scope of the study, although they are examined to some extent in the
opportunities analysis from the perspective of recoverable energy.
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*Onsite generated power has been distributed among end-uses and is not included in the total.

Figure 2-10 Energy End-Use and Loss Distributions in Manufacturing and Mining

Table 2-10 Manufacturing Energy Use and Losses (Trillion Btus)
To Total Associated

Process/ | Generation | Distribution | Conversion Onsite Carbon Total

End-use Losses Losses Losses Losses | (MMTCE)** Energy
Facilities 1405 na na na na Na 1405
Steam Systems 3382 1234 987 598 2819 49.3 6201
Fired Systems
and Cooling 5983 na 256 1040 1296 20.9 7279
Motor Systems 1047 na 85 1204 1289 24.2 2336
Electrochemical 295 na 15 52 67 1.3 362
Other Uses 434 na Na 249 249 1.2 683
Onsite Power *(482) 182 Na na 182 3.6 182
Export of Power 79 na Na na na 0 79
TOTALS 12625 1416 1343 3143 5902 103.9 18527

*Onsite-generated power has been distributed among end-uses and is not included in the totals.

**Carbon emissions associated with energy losses, in million metric tons of carbon equivalents (MMTCE).

The carbon emissions (in million metric tons of carbon equivalent— MMTCE) associated with energy lossesin the
U.S. manufacturing and mining sectors are also shown in Table 2-10. These total nearly 104 MMTCE, which
represents about 7% of carbon emissionsin the United States from anthropogenic (manmade) sources. The carbon
emissions shownin Table 2-10 are those generated by the combustion of fuels. Smaller amounts not shown here are
also generated through fugitive emissions, and as byproducts of ammonia, lime and soda ash manufacture.

Figure 2-11 breaks out components of onsite losses for steam systems (excluding boiler fuel used for power
generation, but including steam generated from cogenerators). According to Figure 2-11, boiler inefficiencies, which
range from 50-85%, account for the largest share, and are reported as boiler losses. The remaining losses occur in
distribution and conversion. Distribution losses (including pipes and valves) were estimated to be approximately 15%
of steam systems energy inputs.
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Energy conversion systems are closely connected with Energy

process units, resulting in some overlap of steam Conversion
conversion losses and those that occur both in process L&Zieibltg;/‘)

units and at the end of the process. These end-of-process
losses have not been studied fully, but are estimated to S
some degree in the opportunities analysis. Distribution
Losses 15%
(987 Thbtu) Steam to
Processes 55%
(3380 Thbtu*)

Boiler capacity and size varies by industry. Overall, the

largest share of boilers arein the 100-250 MM Btu/hr

capacity range (35%), followed by boilersin the 250-500

MM Btu/hr range (23%), and 50-100 MM Btu/hr range Boiler Losses
(18%). Chemicals, petroleum refining, food processing, 20% (1233 Thtu)
and forest products dominate the industrial boiler

popul ation, with more than 70% of package boiler
capacity [ADL 2000]. Energy to Steam Systems: 6201 Thtu

Figure 2-11 Steam Use and Losses in Manufacturing and
Mining

A profile of energy used in fired systemsis shownin

Energy Figure 2-12. Most energy losses occur in the
E : ; Sveesri'g,,/'l convers@ on of fl_JeIs_, to l_JsefuI Worl_< (i €., energy N
(1040 Thtu) conversion). Distribution losses in pipes and electricity
transmission lines account for only about 3% of energy
Distribution | osses.

Losses 3%

(256 Tbtw) Hgﬁf,'{i’,? gagf Again, these systems are often connected integrally
Processes with process units, and pre-process |osses were
Potential *, 82% (5983 separated using the assumption that approximately half
End-of- %, Thtu*) of energy conversion losses would occur upstream, and
Process % the remainder downstream. While significant energy
Losses losses may also occur in the actual process units,
estimation of these losses is outside the scope of this
study. They are addressed in part in subsequent
opportunities analyses of several industries notably
Energy to Fired Heating and Cooling chemicals, petroleum refining, forest products, cement,
Systems 7279 TBtu and food processing.
Figure 2-12 Profile of Energy Use and Losses in .
Fired Systems Other [ ] 228TBtu
Materials Processing | | 567 TBtu

Materials Handling 311 TBtu

A profile of motor use and lossesis shown in Figure
2-13. Thisfigure portrays the significant losses that

are attributed to the low efficiency of some motor- Compressed Air [ ] 328 TBtu

driven equipment. While motor efficiency itself is .

relatively high (90-95%), system inefficienciesin the Fans [ [ ] 284TBtu

conversion of motor energy to usable work lead to 1

substantial energy losses. In materials processing, for Pumps | | 574 TBtu
example, which includes motor-driven grinders, ]

crushers, and mixers, as much as 80-90% of energy Motor Windings _:l 89 TBtu Usable work [ ]
input is not converted to useful work. Compressed Losses O

Distribution [__] 85 TBtu

T T T 1
0 200 400 600 800
Trillion Btu

air systems are also extremely inefficient, converting
typically only about 10-15% of energy inputs to
useful work. Total losses in motors and motor-driven
systems amount to 1.2 quads.

Figure 2-13 Motor System Energy Use and Loss Profile
for Manufacturing and Mining
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3.0 Chemicals Industry (NAICS 325)

3.1 Overview of the Chemicals Industry

The chemical industry is an integral component of the U.S. economy, converting various raw materials (e.g.,
petroleum, natural gas, minerals, coal, air and water) into more than 70,000 diverse products. Chemical products are
critical components of consumer goods and are found in everything from automobiles to plastics and electronics.

Chemical Industry Sectors Theindustry creates its diverse product slate using materialsin two
Organic Chemicals forms: organic (oil, natural gas) and inorganic (minerals, ores or
Petrochemicals elements taken from the earth, air). Theindustry isdivided into
Cyclic Crudes and Intermediates industrial sectors that reflect these raw materials.
Other Basic Organic Chemicals
Inorganics S . .
Industrial Gases The chemical industry isthe largest consumer of fuels and power in the
Alkalies and Chlorine U.S. industrial sector. The manufacture of chemicalsis complex and
Other Basic Inorganic Chemicals energy-intensive, often requiring large quantities of thermal energy to
Plastics, Fibers and Resins convert raw materials to useful products. The efficiency of the processes
g';‘rfttr']‘;iz"gfgg'; and Resins and equipment used to produce chemicalsis constrained by
Noncellulosic Fibers thermodynamic, kinetic, or transport limitations, and operating
Fertilizers conditions may be severe (high temperatures, high pressures, corrosive
Nitrogenous Fertilizers environments). All these factors contribute to proportionally high energy
Phosphatic Fertilizers use per pound of product.

3.2 Energy Use and Loss Analysis for Chemicals
Overview

A snapshot of how the chemical industry ranksin terms of energy use and losses within manufacturing and mining is
shownin Table 3-1. The chemical industry ranksin the top two in every energy end-use category. Theindustry isa
large user of steam and fired systems, and ranks number one in energy used for motor-driven systems. Natural gasis
the primary fuel used by the chemical industry (63%), followed by byproduct fuels produced onsite (24%). Small

amounts of coal, petroleum products, natural gasliquids (NGL), and liquefied petroleum gases (L PG) make up the
remainder of process energy use [MECS 1998].

Although not the focus of this report, the chemical industry also uses a significant amount of feedstock energy
(petroleum derivatives and natural gas) as araw material primarily for the production of organic chemicals and
ammonia. Asshown in Figure 3-1, thetotal feedstock energy consumed by theindustry is 2.8 quads [MECS 1998].
When feedstock energy is combined with fuels and electricity, total energy use amounts to about 6.2 quads.

Fuel Oils 1%

Table 3-1 Snapshot of the Chemical other 5556 (58 Thiu)
Industry: Energy Use and Rank Within (4050 Tht) N
U.S. Manufacturing and Mining (782 Tbtu)
Energy*
Category Rank (TBtu) Coal/Coke 9%
Primary Energy Use 1 5074 (694 Tbtu)
Offsite Losses 1 1345
Fuel and Electricity 1 3729
Onsite Losses 2 1363
Steam Generation 2 328 o
Power Generation 2 54 LF;%'I? #btf;m
Energy Distribution 2 322 *Other includes petroleum-derived byproduct gases
Energy Conversion 1 659 and solids, woody materials, hydrogen, and waste
Facilities 2 123 materials.
Energy Export 1 25 e e ™
Energy Delivered to 2 2218
Processes Figure 3-1 Feedstock Energy Use in the
*Does not include feedstock energy Chemicals Industry — 2.8 Quads
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Fuel
Transport
Losses 2%

Purchased
Power

12% Net

Onsite
/ Power*
3%

Direct Fuel

Primary Energy Use

Primary energy, which includes purchased fuels and electricity,
byproduct fuels, and the energy |osses associated with offsite power
generation and energy supply systems, provides a perspective on the total
energy use associated with chemicals manufacture. Primary energy

Use 25%

inputs to the industry are shown in Figure 3-2. Fuelsfor boilers and
direct-fired systems comprise nearly 60% of total primary energy; power
demand (purchased plus self-generated electricity) is about 15%.

Electricity
Losses**
26%

Boiler Fuel
32%

A considerable 28% of the primary energy associated with chemicals
manufacture islost during energy generation and transport. The bulk of
these energy losses occur during the generation of electricity at offsite
utilities, where the efficiency of generating systems can be aslow as 28
30%. Lossesalso occur in onsite power generating systems, but thermal
efficiency is improved greatly through the use of cogeneration. About
20% of chemical industry electricity demand is met by onsite power
systems, and the industry is the second largest industrial cogenerator,
topped only by pulp and paper mills.

* Includes 25 TBtu electricity export.
** |Includes offsite and onsite
electricity generation losses.

Figure 3-2 Primary Energy Use in U.S.
Chemical Industry - 5074 Trillion Btu

Fuel and Electricity Use Trillion Bty

About 3.7 quads of fuels and electricity were consumed by the 12001

chemical industry in 1998. On average, about 84% of energy 10004 AP —
useisfuels. The chemical industry relies on hundreds of Electiciy mm
different chemical processes, and as aresult, energy use 800

patterns vary dramatically across sectors. Processesused to

produce petrochemicals, for example, are distillation- and 6001

steam-intensive, resulting in substantial fuel consumption,

while chlorine production depends heavily on electricity and 4007

electrolytic cells. 2001

Figure 3-3 illustrates the energy use patterns across major o+

sectors. Overall, the production of organic chemicals

(petrochemicals plus other organics), which are derived from & %@@ d&“& Qé&@@ f&
petroleum or natural gas, isresponsible for nearly 50% of fuel &S&Q &éd «© q@\'

and electricity consumption in the industry. Inorganic
chemicals production is the most electricity-intensive. Figure 3-3 Fuel and Electricity Use in
Selected Chemical Industry Sectors

Onsite Generation and Electricity Demand

The chemical industry is ranked first in demand for electricity, at Boiler
733 TBtu per year. Electricity demand is equal to purchases of
electricity, plus electricity generated onsite, minus electricity
exported offsite, and provides the most complete picture of
actual electricity use. On average, electricity use accounts for
about 16% of energy consumption across the industry.
However, several sectors are electricity-intensive, such as akali
and chlorine (34% of energy), industrial gases (61% of energy),
and other inorganic chemicals (39% of energy) [MECS 1998].

Losses
37 TBtu

CHP
Electricity
148 TBtu

CHP Steam
148 TBtu

Conventional
Electricity*
8 TBtu

As noted earlier, the chemical industry meets a significant
amount of electricity demand through onsite generation (see
Figure 3-4). About 95% of electricity produced onsitein the
chemicalsindustry comes from cogenerating units, which also
produce almost 150 trillion Btu in steam. A small amount of
electricity is produced in conventional steam and gas turbines or
other systemsthat are not producing steam for process use.

* Steam or gas turbines not producing steam
for process use

Figure 3-4 Onsite Power Generation
Profile for Chemicals
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End-Use Profile

Energy is consumed in chemicals manufacture to provide process heating and cooling, to power motor-driven systems
and electrochemical reactors, and for other purposes. A breakdown of energy end-useis shownin Figure 3-5. It
should be noted that the energy trends shown are an average for the industry and may not reflect sector differences.

Other Facilities
4%

Electro-
chemical
4%

3%

Fired
Heaters &
Cooling

Systems
32%

Figure 3-5 Energy End-Use in the Chemicals
Industry: Total Delivered Fuel and Electricity -

3729 Trillion Btu

Boilers/ Powel

9
Energy To 28%

Processes
60%

Distribution
22%

Energy
Conversion
271%
Motors
23%

Onsite
Losses 37%

Facilities
3%

Figure 3-6 Onsite Energy Loss Profile for
the Chemical Industry (NAICS 325) Total

Onsite Losses — 1363 Trillion Btu
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Figure 3-7 Energy End-Use and Loss
Distributions in Chemicals (NAICS 325)

u
-100

1900

Process heating and cooling systems, particularly those
used for fluid heating, represent the bulk of energy use
in chemicals manufacture (76%). These include steam
systems, fired systems such as furnaces and reboilers,
and cryogenic or other cooling units. Motor systems,
which include motor-driven units such as pumps,
conveyors, compressors, fans, mixers, grinders, and
other materials handling or processing equipment, rank
second with 13% of energy use. Heating, cooling and
lighting of facilities only accounts for approximately
3% of energy use.

The industry ranks second in steam use within
manufacturing and mining, and ranks third in the use of
fired systems. Chemicals manufacture is also the
largest user of motor-driven systemsin the industrial
sector.

Loss Profile

The energy footprint for the chemical industry (see
Appendix A) evaluates end-use and loss patternsto
better understand the opportunities for energy
efficiency improvements. Figure 3-6, which is based
on the energy footprint, illustrates the general flow of
energy and losses within the average chemical plant.
AsFigure 3-6 shows, a substantial 37% of the energy
that entersthe plant islost prior to usein process units.
These losses occur in equipment and distribution
systems supplying energy to process operations or
converting energy to usable work (see Chapter 1.0 for
an explanation of loss categories). Onsite losses are
nearly evenly distributed among boilers and power
generation, energy distribution, and energy conversion
systems.

Asnoted earlier, the “energy to processes” in Figure 3-
6 includes a significant amount of energy that islost at
the end of the process in exhaust gases, waste steam,
hot water, and other waste sources. These potential
losses are approximated in Figure 3-7.

System-Specific Losses

Detailed energy use and losses for component systems
are summarized in Figure 3-7 and Table 3-2. Total
onsite losses are nearly 1.4 quads; associated carbon
emissions are 23 million metric tons of carbon
equivalent (MMTCE).

Energy Use, Loss and Opportunities Analysis: U.S. Manufacturing and Mining 23



Asshown in Figure 3-7, the bulk of energy losses occur in process heating and cooling, which includes steam systems
as well asfired systems and cooling or refrigeration units. Interms of trillion Btus, steam system losses are the highest
and represent about 45% of the total energy input to steam systems. Proportionally, however, motor system losses are
the greatest. About 66% of the energy input to motor-driven systemsis|lost due to system inefficiencies.

Table 3-2 Chemicals Energy Use and Losses (Trillion Btus)

To TOTAL Associated Total
Process/ | Generation Distribution Conversion Onsite Carbon Energy
End-use Losses Losses Losses Losses (MMTCE)**
Facilities 123 na na na na 0 123
Steam Systems 897 328 262 158 748 12.8 1645
Fired Systems
& Cooling 997 na 38 172 210 3.0 1207
Motor Systems 163 na 18 301 319 5.9 482
Electrochemical 117 na 4 20 24 0.5 141
Other Uses 44 na na 28 28 0.1 52
Onsite Power (156)* 54 na na 54 0.8 54
Export of Power 25 na na na - 25
TOTALS 2366 382 322 659 1363 23.0 3729

*Onsite-generated power has been distributed among end-uses and is not included in the totals.
**Carbon emissions associated with total energy losses, in million metric tons of carbon equivalent (MMTCE).

Other 50 TBtu

Materials Processing | | 117 TBtu
Compressed Air 1 | | 129 TBtu
Fans -:|:| 55 TBtu
Pumps 1 | | 120 TBtu

Motor Windings 26 TBtu Usable Work [

T Losses O

Distribution || 18 TBtu

0 50 100 150
Trillion Btu

Figure 3-8 Chemical Industry Motor System
Energy Use and Loss Profile

Energy
Conversion
Losses 10%

(158 Thtu)

Distribution
Losses 15%
(262 Tbtu) Steam to

Processes 55%

(897 Thtu*)

Boiler Losses
20% (328 Thtu)

Energy to Steam Systems 1645 TBTU

Figure 3-9 Steam System Use and Loss Profile
for the Chemical Industry

A motor useprofilefor chemicalsisshown in Figure
3-8. Thelosses, indicated in gray, illustrate the
substantial amount of energy that is wasted due to the
inefficiency of some motor-driven equipment.
Compressed air and materials processing (e.g.,
grinding, mixing, crushing) exhibit the greatest
proportion of losses. Some of these systems have
efficiencies aslow as 10-20%.

Motor system energy conversion losses total 275
trillion Btu; conversion losses in motor windings
comprise another 26 trillion Btu. The associated
energy distribution losses are 18 trillion Btu.
Combined losses attributed to motor systemstotal
about 319 trillion Btu. Most motor systems are
powered by electricity (over 90%), although small
amounts of fuel are also employed.

A profile of chemical industry steam use and
associated losses is shown in Figure 3-9. About 45%
of energy inputs are lost due to system inefficiencies.
A large percentage of losses occur in the boiler, where
thermal efficiencies range between 55-85%, depending
upon the age of the boiler and type of fuel burned.
Waste heat boilers, for example, have lower overall
thermal efficiency than natural gas-fired boilers. A
little less than half of the package boiler population in
the chemical industry is larger capacity (250->1500
MMBtu/hr). Waste heat boilers comprise a significant
share of the population— about one-third [ADL 2000].

Infired systems, the bulk of losses occur in energy
conversion prior to the process. Asnoted earlier,
additional downstream losses could be substantial, but
are not estimated here.
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3.3 Opportunities Analysis

Energy losses in steam and fired systems in chemicals manufacture total nearly one quad and are a prime target for
efficiency improvements. However, steam and fired systems are often linked integrally in many chemical processes,
making it difficult to separate thermal requirements and efficiencies. The opportunities presented here are therefore
shown as a combination of both steam and fired systems. The chemical chains chosen for study are shown in Table 3
3, and al rank among the top 100 chemicals (ranked by annual production volume). Table 3-4 illustrates the total use
of thermal energy and associated end-of-process |osses for the selected chemicals, by chemical chain. Tables C-1 and
C-2in Appendix C provide details on equipment, assumed efficiencies, sources of energy losses, references, and other
datarelative to the opportunities analysis.

Table 3-3 Chemical Organic chemicals production is the largest consumer of thermal energy. The
Chains Selected for Study most energy-intensive chemicalsinclude ethylene, polyethylene, propylene,
Ethylene polypropylene, propylene oxide, BTX (benzene-toluene-xylene), ethylbenzene/

Polyethylene styrene, and polystyrene. Steam energy is used in preheaters, reactors,

Ethylene Dichloride

Poly Vinyl Chloride
Ethylene Oxide
Ethylene Glycol
Polystyrene

Propylene
Polypropylene
Propylene Oxide
Acrylonitrile
Acrylic Fiber

Benzene-Toluene-Xylene
Ethylbenzene

Styrene

Cumene
Phenol/Acetone
Terephthalic Acid
Cyclohexene

Adipic Acid
Caprolactam]

Nylon 6.6, Nylon 6

Agricultural Chemicals

Ammonia

Urea

Nitric Acid
Ammonia Nitrate
Ammonia Sulfate

superheaters, evaporators, vacuum and distillation columns, and various other
types of equipment. It isalso charged directly with feeds or products for dilution
or stripping. In these cases the steam may be contaminated and more difficult to
recycle. The bulk of the steam use in ethylene production, for example, occursin
dilution processes, followed by fractionation, and acetylene removal. Fired
systems for organicsinclude reboilers, furnaces, dryers, evaporators, reformers,
and other equipment. The ethylene direct-fired pyrolysisfurnaceis one of the
most energy-intensive fired systems used in chemical s production.

The largest sources of energy losses are exit gases (flared gases, waste gases, vent
gases, flue gases) and waste steam or water. Waste heat reduction and recovery
thus represents the greatest opportunity for reducing lossesin the chemical
industry, including the use of waste energy streams for cogeneration. In organic
chemicals, the manufacture of olefins (ethylene, polyethylene) and their polymers
and derivatives (such as ethylbenzene and styrene) represent significant sources of
waste gases and flared gases with potential for heat recovery. Successful
technology options would require the capability for recovery of waste energy
streams with a wide temperature range and quality, as well asthat for potential
contaminants and corrosive agents.

Sulfuric Acid The production of inorganic chemicals isrelatively low in energy-intensity
Ammonia Phosphate compared to that of organic chemicals, with the exception of ammoniaand

ChISUPEIEJTPSphateS chlorine/sodium hydroxide (chlor-alkali) production. Ammoniais produced by
or- all

Caust steam reforming of methane, and consumes large quantities of steam for both
austic Soda . - . . .

Soda Ash reforming and stripping. Chlor-alkali production consumes steam energy in
multiple evaporators, brine heaters, and strippers. Many inorganic chemical
production processes also use fired systems for drying and cal cining operations. Within inorganic chemicals, the
steam reformer is a significant source of waste heat with increased recovery potential. There are also opportunities for
recovering heat from dryers and kilns used in the manufacture of fertilizers, many of which are relatively inefficient.

The chemicals studied represent about 40% of the process energy used in the chemical industry, and in most cases
highly conservative estimates of energy recovery were applied (5-10% of waste heat). Asaresult, the estimated loss
reduction of 114 TBtu shown in Table 3-3 significantly under-reports the potential for energy recovery in chemicals
manufacture. To make a preliminary evaluation of the remaining energy use in the industry, the end result for heat
recovery for the selected chemicals was extrapolated to the remaining energy used for boilers and fired systemsin the
industry to obtain an order of magnitude estimate of additional possible energy savings. The assumption isthat an
average of 10% of total fuel inputs can be recovered in waste heat throughout the industry. This bringstotal
potentially recoverable energy up to 294 TBtu, which is still astrongly conservativeresult. A recent study looking at
recoverable “exergy” in 18 major chemical products estimated that as much as 900 TBtu could be recoverable,
primarily as waste heat [Bandwidth 2004].

The estimated energy savings shown in Table 3-4 were applied to the development of the Top Twenty Opportunities.
These are outlined in more detail in Chapter 11 and Appendix C.
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Table 3-4 CHEMICALS: COMBINED STEAM AND FIRED SYSTEMS Roll-Up Opportunities Analysis

Energy Loss Recovery or Reduction
Category

5| 2 5 | & .

51 2|8 |2 |&] 8 3

S o | 2 c o > >

5| g|32|E9|=| E S

Total o bad o= | £28 c a) =

Energy s g >3 | <8 3 3 >

Fired From Average % c| =22 128| =] 5 =2

Heaters/ Fuels Waste Heat 3 {,'3, 5 2 o o >

Boilers 107012 To Be 3 © < I = &

Chemical Process Used Btulyr Recovered Nature of Waste Heat = = O O
The Ethylene Chain
Ethylene Yes 186.3 10.00 Waste gases X X X 18.63
Polyethlene Yes 8.2 5.00 Waste gases X X X 0.41
Ethylene Dichloride 56 Waste gases X X X 0.00
Poly Vinyl Chloride Yes 14 5.00 Waste gases X X X 0.70
Ethylene Oxide Yes 8.8 5.00 Waste gases X X X 0.44
Ethylene Glycol Yes 8.6 5.00 Waste gases X X X 0.43
Polystyrene Yes 65 7.50 Waste gases X X X 4.88
TOTAL 346.9 25.49
The Propylene Chain
Propylene Yes 31.9 10.00 3.19
Polypropylene - 1997 4.2 3.00 Flared gases X X 0.13
Propylene Oxide - 1997 Yes 8.1 5.00 0.41
Flared waste gases -
Acrylonitrile Yes 3 10.00 Hydrogen Cyanide X X 0.27
Acrylic Acid Yes 8.4 10.00 Waste Gases X 0.84
Gases from polymerization

Acrylic Fiber 9 5.00 reactor, solvent vapors X 0.43
TOTAL 56 5.27
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Table 3-4 CHEMICALS: COMBINED STEAM AND FIRED SYSTEMS Roll-Up Opportunities Analysis (continued)

Energy Loss Recovery or Reduction
Category
sl 5l 15 5|
3} > o T i 5}
> 8 = S £ " o =
3| 9| 3E| gceo| T &
Total - = | V3 >3 @ e
© i < 5 o *
Energy Average % 2 o | 2o s 2 o =
From Fuels | Waste Heat o o| 2w © £ £
Fired Heaters/ 10712 To Be Nature of a e | W = e =
Chemical Process Boilers Used Btulyr Recovered Waste Heat = = 3 O
The BTX Chain (Benzene, Toluene,
Xylene)
BTX Yes 34.2 10.00 X X
Benzene Yes 3.1 10.00 X X
Vent gases,
Ethylbenzene 5.00 boiler waste
heat
19 recovery X X
Heater flue
Styrene Yes 1098 7.50 gases X X
Polystyrene Yes 13.7 7.50 X X
Cumene 4 5.00 X X
Phenol/Acetone 54.3 -
Terephthalic Acid Yes 5.00 Oxidation
117 process X
Cyclohexene 3.6
Adipic Acid 31.7
Caprolactam 20.8
Nylon 6.6 Yes 11.1 5.00 X
Nylon 6 Yes 4 5.00
TOTAL 521

Savings Tbtu/year

3.42
0.31

0.95

8.24
1.03
0.20
0.00

0.59
0.00
0.00
0.00
0.56
0.20
15.3
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Table 3-4 CHEMICALS: COMBINED STEAM AND FIRED SYSTEMS Roll-Up Opportunities Analysis (continued)

Energy Loss Recovery or Reduction Category

8 - |2 | ¢
TOtal }E c E > S b - g n © =
Energy 22|28 |32 | 8= 3o | ©
Fired From Average eS| e3 | 2| 28| &< ‘:2
systems/ Fuels % Waste 3|88 | 28| 82¢| 2°| 5
Boilers 10712 Heat To Be Nature of Waste === c < 6 °
Chemical Process Used Btulyr Recovered Heat w =
Agricultural Chemicals - Fertilizers
Ammonia Yes 319 10.00 Reformer waste heat X X X
Urea 8.8 250 X X X
_ . Process modification
Nitric Acid Yes 3.6 500 using CHP system X X X X
Ammonia Nitrate 2.8 i X X X
Ammonia Sulfate 134 250 Steam replacement X X X X
Sulfuric Acid 2.2 X X X
Phosphoric Acid (Furnace Process) Yes 9.6 500 Waste heat X X X
Ammonia Phosphate Yes 4.6 500 Drying system heat X X X X
Superphosphates Yes 12 5.00 Drying system heat X X X X
TOTAL 379.3
The Chlor-Alkali Industry
. . . . Use of CHP, heater
Caustics (Chlorine/Sodium Hydroxide) Yes 75.8 10.00 flue gases X X X X
. Use of CHP, heater
Soda Ash (Sodium Carbonate) Yes 77.3 10.00 flue gases X X X X
TOTAL 153.1
INDUSTRY SUBTOTAL 1456
Industry Remaining 1995*
INDUSTRY TOTAL 3451

Savings
Tbtu/year

31.90
0.22
0.18
0.00
0.34
0.00
0.48
0.23

0.06
33.41

7.58

7.73
15.31
94
200
294

* The end result for waste heat recovery for the top chemicals was extrapolated to the remaining energy used for boilers and fired systems in the industry to obtain an order of
magnitude estimate of additional possible energy savings. The assumption is that an average of 10% of total fuel inputs can be recovered in waste heat.
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4.0 Petroleum Refining Industry (NAICS 324110)

4.1 Overview of the Petroleum Refining Industry

Petroleum is the largest energy resource used in the United States. Petroleum consumption is four times higher than
that of nuclear power or renewable energy, and even two times higher thanthat of coal or natural gas. In the United
States, 155 refineries transform petroleum into usable products, such as fuels, gasoline, liquefied petroleum gas (L PG),
residual oil, coke, and kerosene. Refineries also produce raw materials for the petrochemical industry, such as plastics,
agrochemicals, and pharmaceuticals. The United States isthe largest producer of petroleum products, with almost 30%
of the global market and an annual production of sixbillion barrels of refined products [EIA 2003].

Petroleum and Coal Products
Manufacturing Sub-sectors

Petroleum Refineries (NAICS 324110)

Asphalt Paving, Roofing, and Saturated
Materials

Asphalt Paving Mixture and Block

Other Petroleum and Coal Products

Petroleum Lubricating Oil and Grease

All Other Petroleum and Coal Products

Crude Petroleum and Natural Gas
Extraction

Natural Gas Liquid Extraction

Petroleum refineries are the second largest process energy consumersin
the manufacturing sector. Today’s refineries are highly sophisticated
facilities, consisting of acomplex configuration of energy-intensive
distillation columns, cracking and coking units, chemical reactors, and
blending and upgrading equipment. The industry spends between $5 and
$6 billion annually in pollution abatement practices, and must also
manufacture its products to meet strict environmental regulations.

The petroleum and coal products manufacturing sector (NAICS 324),
includes various sub-sectors other than petroleum refining products. The
following discussion refers only to petroleum refining (NAICS 324110),
which accounts for 90% of the petroleum and coal productsindustry

shipments. NAICS descriptions are provided in Appendix D.

4.2 Energy Use and Loss Analysis for Petroleum Refining

Overview

A snapshot of how the petroleum refining industry ranksin terms of process energy use and losses within
manufacturing and mining is shown in Table 4-1. Petroleum refining ranks among the top third in a number of
categories, and isthe largest user of fired systems and fuels. The industry’s main source of fuels consists of byproducts
from petroleum refining (66%) which consist mostly of refinery or still gas. The industry also uses significant amounts
of natural gas (27%) and small amounts of liquefied petroleum gas (L PG), coal, and coke.

The industry also consumes feedstock energy to produce non-energy products such as ethane, propane, naphtha,
ethylene, butane, butylene, propylene, toluene, and xylene. Energy feedstocks used to produce energy products (e.g.,
gasoline) are not considered in thisreport.

Table 4-1 Snapshot of the Petroleum Refining Total feedstock use for petroleum and coal products
Industry: Energy Use and Rank Within U.S. (NAICS 324) is 3.7 quads [MECS 1998]. When
Manufacturing and Mining feedstock is combined with fuels and electricity, total
Energy energy useis7.2 quads. Feedstocks are mainly
Category Rank (TBtu) petroleum-based, and contribute directly to our use of
Primary Energy Use 3 3835 imported oil. LPG, aprimary feedstock, is comprised of
ngftznﬁ?g;ncny 121 3;0’577 8 gases derived from refinery processes or natural gas
Onsite Losses 3 985 processing plants that fractionate new natural gas plant
Steam Generation 3 212 liquids. LPG consists of a mixture of gases such as
Power Generation 3 17 ethane, ethylene, propane, propylene, normal butane,
Energy Distribution 3 242 butylenes, and isobutene. Heavy liquids and tars from
Energy Conversion 2 514 distillation towers, thermal cracking, and other
Facilities 11 50 operations are also used to produce products such as
Energy Export 4 1 wax, asphalt, and roofing tar.
Energy Delivered to 1 2442
Processes
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Primary Energy Use

Figure 4-1 shows the primary energy inputs for the petroleum refining industry. Fuelsfor boilers and direct-fired
systems comprise 86% of total primary energy; power demand isonly 4%. Primary energy provides a more complete
perspective on the total energy use associated with the industry, and includes purchased fuels, electricity, byproduct

fuels, and the energy losses associated with offsite power generation.

Asshownin Figure 4-1, offsite energy losses occurring during
electricity generation and transport constitute about 10% of primary
energy. Most of these energy losses (7%) occur during the generation
of electricity at offsite utilities, where the efficiency of generating
systems can be as low as 28-30%.

Direct fuel use constitutes a major source of energy consumption in
refining. Direct fuel isused to fire furnaces, reboilersin distillation
columns, thermal and catalytic crackers and cokers, reactors and other
equipment. Steam is the second largest use of fuels, and is used for
steam stripping and other purposes, with the steam often in direct
contact with products.

Fuel and Electricity Use

In 1998, the petroleum refining industry’ stotal electricity and fuel
consumption was almost 3.5 quads. On average, about 96% of 35001
energy usein refineriesis fuels. Petroleum refineries supply a 30001
variety of fuel and non-fuel products, and energy use patterns
depend on product slate, which can change regularly along with
market demand. Figure 4-2 compares fuel and electricity
consumption patterns for the petroleum refining and coal products — ***]
industry sectors. 1000]

5004

25004

20004

Fuels production dominates the energy use, with gasoline, jet fuel,
and fuel oils representing 90% of product output from refineries.
Theremaining 10% of productsinclude road oil, asphalt,

Purchased
Fuel Power 3%

Transport
Losses 3%

Net Onsite
Power* 1%

Electricity
Losses**
7%

Direct
Fuel Use
58%

*Excludes losses

**Includes both offsite and onsite
losses.
Figure 4-1 Primary Energy Use in the U.S.
Petroleum Refining Industry — 3838 Trillion
Btu

Trillion Btu

Fuels [}
Electricity mmm

Petroleum Refineries Coal Products

lubricants, non-fuel coke, waxes, and petrochemicals[EIA 2002].  Figure 4-2 Fuel and Electricity Use in Petroleum

Onsite Generation and Electricity Demand

The petroleum refining industry is arelatively low user of power
and ranks eleventh in demand for electricity, at 174 TBtuin 1998.
Electricity use accounts for only 4% of the total energy
consumption in refineries.

Petroleum refineries, however, are the third largest cogenerators

in the manufacturing sector. Although electricity represents a small
portion of the industry’s energy use, 30% of its electricity demand

is met through onsite generation, primarily through cogeneration.

The industry has significant demand for steam, and produces enough
waste heat and byproduct fuels to make cogeneration an attractive and
economic option. Since 1985, cogeneration in the industry has more
than tripled. About 108 trillion Btu of its energy useis associated
with the production of onsite electricity, as shown in Figure 4-3.

and Coal Products (NAICS 324)

Boiler
Losses
10 TBtu

Power
Losses
17 TBtu

CHP
Electricity
39 TBtu

CHP Steam
39 TBtu

\Conventional
Electricity*
13 TBtu

*Onsite power systems producing only electricity.

Figure 4-3 Onsite Power Generation
Profile for Petroleum Refining
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End-Use Profile

The petroleum refining industry consumes energy to supply process heating and cooling, to power motor-driven
systems, and for other purposes. A breakdown of energy end-useis shown in Figure 4-4. The largest use of energy in
petroleum refining is for process heating and cooling, which includes fired systems, cooling, and steam systems.

Other  Facilities
0.3%

Motor
Systems

5%

Fired System &
Cooling

62%

Figure 4-4 Energy Use in Petroleum
Refining: Total Delivered Fuel and
Electricity — 3478 Trillion Btu

Eneray To Boilers/
ay Power 23%
Processes
70% @nsite Diitribution
Losses 25%
........... " 28%
Potential End- ° Energy
of-Process Conversion
Losses (waste 42%
gas, exhaust) Motors 10%

Facilities
1%

Figure 4-5 Onsite Energy Loss Profile for
Petroleum Refining: Total Onsite Losses —
958 Trillion Btu

10 To Processes =
Other TBtu Generation Losses [
183 Distribution Losses 1l

TBtu .
Motor Systems Conversion Losses [

Fired Heaters &

2156
i
Cooling

1062
Steam Systems TBtu

50
Facilities TBu

o 4

Trillion Btu

Figure 4-6 Energy End-use and Loss
Distributions in Petroleum Refining (NAICS
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In 1998, 93% of the industry’s energy end-use was
consumed for this purpose. Motor systems (motor-
driven units such as pumps, conveyors, Compressors,
fans, mixers, grinders, and other materials handling or
processing equipment) rank second with 5% of the
industry’s energy end-use. Heating, cooling, and lighting
of facilities accounts for less than 2% of petroleum
refining energy use. Petroleum refining ranksfirst in
fired systems energy use, accounting for 30% of the total
energy use for fired systems by the manufacturing and
mining sectors. The industry is also the third largest
Steam user.

Loss Profile

The energy footprint for the petroleum refining industry
(see Appendix A) evaluates end-use and |oss patterns to
better understand opportunities for energy efficiency
improvements. The general flow of energy and losses
within the average petroleum refinery isillustrated in
Figure 4-5, based on the energy footprint. As shownin
Figure 4-5, as much as 28% of the energy that entersthe
plant islost prior to usein process units. These losses
occur in equipment and distribution systems that are
converting energy into work or supplying energy to
process operations (see Section 1.0 for an explanation of
loss categories). Energy conversion systems account for
42% of the total onsite losses. The remaining onsite
losses are distributed evenly among boilers and power
generation, distribution, and motor systems. Energy
losses that occur at the end of the process are not
included and can be substantial (approximated by dotted
line in Figure 4-5).

System-Specific Losses

Figure 4-6 and Table 4-2 showsin detail the energy use
and losses for component systems. Onsite losses total
about one quad; associated carbon emissions amount to
nearly 16 MMTCE.

Asshown in Figure 4-6, the largest energy losses occur
in fired systems and cooling (includes fired systems and
cooling units) and steam systems. Motor system
inefficiencies represent the largest proportional source of
system losses. About 52% of the energy input to motor-
driven systemsis|lost in energy generation, distribution,
and conversion. In terms of Btus, steam system losses
are the highest of all individual energy systems (484
trillion Btu). Approximately 45% of the total energy
input to steam systemsis|lost.
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Table 4-2 Petroleum Refining Energy Use and Losses (Trillion Btus)
To _ o _ TOTAL | Associated Total

Process/ | Generation | Distribution [ Conversion Onsite Carbon Energy

End-use Losses Losses Losses Losses | (MMTCE)**
Facilities 50 na na na na na 50
Steam Systems 578 212 170 102 484 7.9 1062
Fired Systems
& Cooling 1776 na 68 312 380 5.7 2156
Motor Systems 89 na 5 89 94 17 183
Electrochemical 0 0.0 0
Other Uses 7 na na 3 3 0.0 10
Onsite Power (52)* 17 na na 17 0.3 17
Export of Power 1 na na na 0.0 1
TOTALS 2501 229 243 506 978 15.6 3479

*Onsite generated power has been distributed among end-uses and is not included in the totals.
**Carbon emissions associated with total energy losses, in million metric tons of carbon equivalent (MMTCE).
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Figure 4-7 Petroleum Refining Motor
System Energy Use and Loss Profile

Distribution
Losses 16%
(170 Tbtu)

Boiler Losses
20% (212 Thtu)

Energy
Conversion
Losses 10%

(102 Tbtu)

Energy to Steam Systems 1062 TBTU

Figure 4-8 Steam System Use and Loss
Profile for Petroleum Refining

Steam to
Processes 54%
(578 Thtu*)

A breakdown of energy use and losses in motor systemsis
shown in Figure 4-7. More than 50% of the energy input for
motor systemsislost due to subcomponent inefficiencies. In
Btus, the greatest |osses are exhibited by pump systems, but the
greatest inefficiencies are experienced by compressed air
systems and materials processing (e.g., grinding, mixing,
crushing). The losses for some for some of these systems are as
high as 80-90% of energy inputs.

The highest motor system losses occur during energy
conversion, and these total 89 TBtu for the industry. Additional
conversion losses take place in motor windings (eight TBtu).
More than 92% of the energy used for motor systems consists
of electricity (146 trillion Btu); fuels comprise the remainder.

A breakdown of steam use and associated losses for the
petroleum refining industry is shown in Figure 4-8. About 45%
of energy inputs are lost via system inefficiencies. Boiler
inefficiencies account for the largest | osses (20%), followed by
distribution losses (16%). Throughout industry, boiler
efficiencies range between 55-85%, with newer boiler systems
at the higher end of the range. The type of fuel used also affects
boiler system efficiency. For example, waste heat boilers have
much lower overall thermal efficiencies than natural gas-fired
boilers. Steam system distribution losses are also large, and
occur in steam traps, valves, and pipes carrying steam to
processes and energy conversion units.

About 33% of the boiler populationin petroleum refining are
large, field-erected boilers; the remaining 67% are package
boilersin awide range of capacities. Of the entire population,
most boilers are in the 250-500 MM Btu/hr (33%) and 500-1500
MMBtu/hr (29%) capacity range.
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4.3 Opportunities Analysis

An analysisto identify opportunities for reducing or recouping energy losses was conducted for both steam and fired
systemsin petroleum refining. The processes covered in the analysis are shown in Table 4-3. Thetop energy
consuming processes include distillation (atmospheric and vacuum), hydrotreating, alkylation, and reforming. Some
processes, such as thermal cracking and fluid catalytic cracking, produce excess heat and steam and are either net
energy exporters or produce a good portion of the energy required to fuel the process. However, these processes can
still be targets for efficiency improvements or energy loss reduction.

Steam Systems Table 4-3 Refining Processes
Covered by the Analysis

The petroleum refining industry isthe third largest steam user in U.S.

manufacturing and mining sectors. Table 4-4 illustrates the use of steam Atmospheric Distillation
in theindustry by selected processes and the potential end-of-process Vacuum Distillation
energy losses, based on arecent steam assessment study [RDC 2002]. Visbreaking

Coking Operations
The most steam+intensive processes are atmospheric and vacuum Fluid Catalytic Cracking

distillation, catalytic hydrotreating, alkylation, and catalytic reforming. gg:g:ﬁ:g Egg;gfr;ag;gg

For al | these processes except vacuum distillation the average thermal Catalytic Reforming
efficiency was assumed to be 40%, as most of these processes are Alkylation

stripping or fractionating processes where the steam comesin contact with Isomers

the hydrocarbon stream, making steam recovery more difficult.
The efficiency of vacuum distillation was assumed to be somewhat higher (55%) as a portion of the steam is used for
creating avacuum in the tower, atypically more efficient use of steam. Table C-3 in Appendix C provides the details
on the equipment used, the steam efficiencies assumed for each process, the major sources of energy |osses, references,
and other pertinent data.

Atmospheric and vacuum distillation, followed by alkylation, isomers, and catalytic reforming represent the best areas
of opportunity for energy savings through advances or improvements in steam systems. The total potential energy

savings through future R& D and new equipment technol ogies amounts to about 100 trillion Btu. Waste heat reduction
and recovery potentially represents a large portion of the opportunities, particularly for lowerquality steam and exit
gases.

Fired Systems

The petroleum refining industry ranks first in energy used in fired systems. An analysis of the energy use and losses
attributed to fired systems for petroleum refining is shown in Table 4-5. The greatest opportunities for energy savings
are found in atmospheric and vacuum distillation, catalytic hydrotreating, catalytic reforming, fluid catalytic cracking,
and alkylation. In addition to steam use, energy is used in these processes mostly for fluid heating and to fire reactor
systems or cokers. Theindustry’s annual energy savings potential through improved fired systems totals about 325
trillion Btu. Details are provided in Table C-4 in Appendix C.

The primary sources of energy lossinclude hot flue gases, coolers, and condensers. Potential technology options for
reducing losses include recovery of waste heat for fluid heating, steam generation, and absorption cooling. There are
also opportunities for power generation and cogeneration by taking greater advantage of waste steam and heat available
at awide temperature range.
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Table 4-4 PETROLEUM REFINING: STEAM SYSTEMS Roll-Up Opportunities Analysis

Improvement Potential (%)

Best
Technology Options Practices Technology
2 — |oc |0 <
c = o — S |= == |2
s|5|12|8 |5|l.ls| EI|82|88 (28| 3| =
o |2 X |8 S |lo|s o |2 |FBE|C2| oY o
218l ®le, |82 1]% cl==2|>2|o2| a0 2
o €| S lce |z |a]s < (<2 |50 | =& | 2
2002 U.S. @ = S 3% & |la | 22w |2U | | To =
Operating Energy Total Average | § | @ = 213 |e]2 Z |8 |82 (x| B2 o
. . T o % el = < x [ElNe)) 0.2 x O = c o
Production Intensity Energy Energy |T ° 0w | [ |8 7 v |go |o® | 29O 2c c
Capacity (1073 Use loss |2 |5 | 3|2 2 |2 |x 2 |leglec |22 | 282 3
Process/ Unit billion Btu/bbl (Trillion or12 | s ‘;‘5 5| o 5 w Z|Es|E2 (25| * < n
Operation Equipment Used bbls/year product) Btulyr) Btulyr) = T o * |og |o < |« o
Fractionating Tower,
Atmospheric Stripping (Direct Contact -
Distillation DC) 6.02 44.0 246.1 148 X X X X 40 60
Reboiler, Steam Ejection
for Pressure Control
(indirect contact),
Vacuum Stripping, Fractionating
Distillation Tower (DC) 2.76 48.0 123.3 55 X X X X 20 11
Visbreaking Stripping (DC) 0.03 net export -1.3 1) 0
Coking
Operations Fractionating Tower (DC) 0.82 net export -9.4 (6) 0
Fluid Catalytic
Cracking Stripping (DC) 2.18 0.3 0.5 0 X X 20 0
Catalytic Stripping, Quenching
Hydrocracking (DC) 0.58 71.0 33.6 20 X X X 20 4
Catalytic
Hydrotreating Stripping (DC) 4.26 54.0 212.0 127 X X X X 20 25
Catalytic
Reforming Stripping (DC) 1.34 89.0 117.2 70 X X X X 20 14
Alkylation Stripping (DC) 0.42 348.0 139.5 84 X X X 20 17
Isomers Stripping (DC) 0.24 226.6 38.3 23 X X X 20 5
TOTAL 900 521 136

Assumptions: Efficiency improvements are based on cost-effective recovery of low level waste steam and contaminated waste steam that
is not recovered currently. Energy totals for steam come within 18% of 1998 MECS steam use. The remainder is used for power
generation, mechanical drive (direct drive systems for pumps, compressors), and other process operations.
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Table 4-5 PETROLEUM REFINING: FIRED SYSTEMS Roll-Up Opportunities Analysis

Improvement Potential (%)
Best Practices Technology
Total -
Energy Thermal Energy Average o
Intensity Energy use Use Efficiency = > & > a ng %‘
Process/ Unit Operation Equipment Used (203 1073 (Trillion (Energy o) T 2.8 oo =_|kE B
z B85 ,3E|X 2E|x 8 =
Btu/barrel) Btu/barrel Btulyr) Loss) o® |%® Ceoog|fez5|y OS5, € '
28 |v.8 Cooc|(lcoRBe(zoe|(vadd 1S
=c 3¢ EScglElcg(S52cg(5=0 |c
22158 |segslsercztes3Es |;
G |x & |0<fd|lC<<dl|s eRd|*ea |v
Atmospheric Distillation Charge Heating With Fired Heater. 113.8 89.00 641.6 75.00 5 5 10 0 | 96.2
Vacuum Distillation Charge Heating With Fired Heater. 91.5 63.00 238.8 75.00 5 5 5 10 29.9
Delayed Coking Crude (charge) Heating With Fired 166 230.00 114.6 80.00 5 5 5 10 14.3
Coker Heater.
Fluid Coking Combustion of Coke in "Burner". 258 7.1 5 10 10 15 14
Flexcoking Oxidation of Coke in Gasifier. Steam 167 6.7 5 10 10 15 1.3
addition to gasifier.
Visbreaking Fired Heater/reactor, Steam Addition 99.5 145.00 2.07 78.00 5 5 5 10 0.26
Fluid Catalytic Cracking Cat feed Fired Heater, Catalyst 100 100.00 190.6 75.00 5 10 15 15 42.9
Regenerator.
Catalytic Hydrocracking Fired Charge Heater and Exothermic 240 195.00 109.7 75.00 5 10 15 15 -
Catalytic Reaction
Alkylation Reactor (Heat of Reaction) 368 377.00 149 75.00 5 10 10 15 29.8
Catalytic Reforming Fired Heater 284 270.00 376.3 80.00 5 5 5 10 47.4
Isomerization Indirect Heating With Heat 359 Indirect 40 80.00 5 5 10 4.0
Exchangers. Heating
Ethers Manufacture 403 334 5 5 10 33
Catalytic Fired Heater 120 468.3 80.00 5 5 10 10 70.3
Hydrotreating/Hydroprocessing
Lube Oil 1506 0.00 109.5 75.00 5 10 10 10 19.2
359.9
TOTALS 2,487.67
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5.0 Forest Products Industry (NAICS 321 & 322)

5.1 Overview of the Forest Products Industry

The forest products industry produces thousands of products from renewable raw materials (wood) that are essential
for communication, packaging, consumer goods, and construction.

Forest Products Industry Sectors

NAICS 321 = Wood Products
Wood Product Sectors
Sawmills
Wood Preservation
Veneer, Plywood, and Engineered Woods
Other Wood Products

NAICS 322 = Paper
Paper Sectors
Pulp Mills
Paper Mills
Newsprint Mills
Paperboard Mills

Theindustry is divided into two major categories: Wood Product
Manufacturing (NAICS 321) and Paper Manufacturing (NAICS 322).
These industries are often grouped together because both rely on the
nation’s vast forest resources for raw material. In addition, many
companies that produce pulp and paper also produce lumber and wood
productsin integrated operations.

The forest products industry isthe third largest consumer of fuelsand
power inthe U.S. industrial sector. The manufacture of wood and paper
productsis highly energy-intensive, requiring large quantities of thermal
energy to convert raw materialsto useful products. In addition to fossil
fuels, the industry uses wood residues and byproducts (black liquor) to
self-generate over 50% of its energy needs.

5.2 Energy Use and Loss Analysis for Forest Products

Overview

Table 5-1 Snapshot of the Forest Products
Industry: Energy Use and Rank Within U.S.
Manufacturing and Mining

Energy
Category Rank (TBtu)
Primary Energy Use 2 4039
Offsite Losses 2 767
Fuel and Electricity 3 3272
Onsite Losses 1 1473
Steam Generation 1 535
Power Generation 1 67
Energy Distribution 1 401
Energy Conversion 3 470
Facilities 7 76
Energy Export 3 24
Energy Delivered to 3 1699
Processes
Other
Fuel Oils 10%
% (300 Thtu)
(173 Tbtu)
Biomass
Natural 52%
Gas 22% (1534
(659 Tbtu) Tbtu)

Coal 10%
(279 Tbtu)

Figure 5-1 Fuel Use in the Forest Products
Industry — 2936 Trillion Btu

A snapshot of where the forest products industry ranksin
terms of energy use and |osses within manufacturing and
mining is shown in Table 5-1. Forest products ranks
among the top three in U.S. manufacturing and mining in
nearly every energy end-use category. Theindustry
ranksfirst in steam use and cogeneration, and second
only to chemicalsin primary energy use.

Figure 5-1 shows fuel distribution in forest products.
Biomass (black liquor and wood residues) is the primary
fuel (52%), followed by natural gas (22%). Forest
products constitute the largest industrial use of biomass.
Biomass resources utilized by the industry include black
liquor produced by kraft pul ping processes and wood
residues collected from wood handling and
manufacturing processes. These wood byproducts are
burned by the forest productsindustry to generate steam
and electricity. Coal, fuel oils, and other petroleunt+
based fuels make up the remainder of fuel use.

Improvementsin the efficiency of energy systemsimpact
fuel use distribution directly in forest products. The
forest productsindustry is steam-intensive, so increasing
boiler and process heat transfer efficiencies can have a
significant impact. Much of boiler fuel, however, comes
fromprocess byproducts. Thereis subsequently atrade-
of f between increased yield and process efficiency
(producing less byproducts), the biomass available for
boiler fuel, and the use of more costly fossil fuels.
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Fuel
Transport
Losses 2% Purchased

Power 8%

Direct Fuel

Use 6% Net Onsite

Power* 5%

Electricity
Losses**
19%

*Excludes losses; includes 24 Thtu electricity transported offsite.

**|ncludes both offsite and onsite losses.

Figure 5-2 Primary Energy Use in the U.S.
Forest Products Industry — 4039 Trillion Btu

Primary Energy Use

Primary energy, which includes purchased fuels and electricity,
byproduct fuels, and the energy |osses associated with offsite
power generation and energy supply systems, provides a
perspective on the total energy use associated with forest
products. Primary energy inputs to the industry are shownin
Figure 5-2. Fuelsfor boilers comprise 60% and power demand
13%, of the industry’ s primary energy use.

Electricity generation and fuel transport losses represent 21% of
the primary energy consumed by the forest products industry.
The bulk of energy losses occur during the generation of
electricity at offsite utilities, where the efficiency of generating
systems can be aslow as 28-30%. Thermal efficiency of onsite
power is greatly improved through the use of cogeneration. The
forest productsindustry isthe largest cogenerating industry,
meeting 39% of electricity demand with onsite power systems.

Fuel and Electricity Use

Over 3.2 quads of fuel and electricity were consumed by the
forest productsindustry in 1998. On average, fuels comprise
90% of the industry’s primary energy use; about 10% is
electricity. Theindustry creates adiversity of products with
many different production processes, so energy use patterns
vary across sectors. Figure 53 illustrates energy use among the
magjor product sectors of the industry [MECS 1998].

Within the same product sector processes can also differ
depending upon the technology used. For example, pulp can
be made by chemical pul ping, mechanical pulping, or a
combination of the two pulping processes. Energy demand
among these pul ping processes can be quite different.

It should be noted that the data reported in Figure 5-3 may be
somewhat misleading due to how sectorsare categorized by
NAICS. Paper and Paperboard Mills, for example, include
operations where pulping is done at the same facility (integrated
pul p/paper mills). Subsequently, in those cases, energy reported
includes energy for pulping as well as papermaking. Energy
shown for pulp mills only includes mills that do not make paper.

Onsite Generation and Electricity Demand

The forest products industry is ranked second in electricity demand at
500 TBtu per year. Hectricity demand is equal to purchases of
electricity, plus electricity generated onsite, minus electricity
exported offsite. It providesthe most complete picture of actual
electricity use. On average, electricity demand accounts for only
15% of energy consumption across the forest products industry.

As noted earlier, the forest products industry meets a significant
amount of electricity demand through onsite generation. A profile of
onsite produced energy is shownin Figure 5-4. Nearly 430 TBtu of
energy is associated with the production of onsite electricity.
Approximately 88% of this electricity comes from cogenerating
units, which alsoyield about 173 TBtu of steam.

Trillion Btu

1200

1000 Fuels [
800 Electricity mmm
600
400
2001}

£

(,pée & & @

**|ncludes integrated pulp/paper mills.

Figure 5-3 Fuel and Electricity Use
in Selected Forest Products Sectors

Power
Losses
67 TBtu

Boiler
Losses

Electricity
173 TBtu

Conventional
~~ Electricity*
15 TBtu
Renewable
Electricity
9 TBtu

*Steam or gas turbines not producing steam for
process use

Figure 5-4 Onsite Power Generation
Profile for Forest Products
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End-Use Profile

Energy is consumed in forest products manufacturing to provide process heating and cooling, to power motor-driven
systems, and for various other purposes. A breakdown of energy end-use is shown in Figure 5-5. It should be noted
that the energy trends shown here are an average for the industry and may not reflect mill and sector differences.

Process heating and cooling systems, particularly those used for
drying or evaporation, represent the bulk of energy use(81%) in
forest products manufacture. These systemsinclude steam
systems, fired systems such as furnaces and reboilers, aswell as
cooling units. Motor systems, which include motor-driven units
such as pumps, conveyors, compressors, fans, mixers, grinders,
and other materials handling or processing equipment, rank
second with 13% of the forest products energy end-use.

Heating, cooling, and lighting of facilities accounts for only
about 2% of energy use.

Other Facilities
4% 2%

Fired Heaters &
Cooling Systems
6%

The forest productsindustry ranksfirst in steam, and ranks
second in motor-driven systems energy end-use, within the U.S.

Figure 5-5 Energy End-Use in the Forest industrial sector.

Products Industry: Total Delivered Fuel and

Electricity — 3272 Trillion Btu )
Loss Profile

The energy footprint for the forest products industry (see

Boilers/ Appendix A) evaluates end-use and | oss patterns to better
Energy To . Power 41% understand the opportunities for energy efficiency
Processes LC(’)“SSS':*S e improvements. Figure 5-6, which is based on the energy
53% 45% 27% footprint, illustrates the general flow of energy and losses within
Enerey the average forest products mill. As Figure 5-6 shows, 45% of
Conversion the energy that entersthe mill islost prior to use in process
2% units. These losses occur in equipment and distribution systems

supplying energy to process operations or converting energy to
F\aci,mes usable work (see Section 1.0 for an explanation of |oss
2% categories). The majority of the onsite |osses (41%) are boiler
Figure 5-6 Onsite Energy Loss Profile for the  and electricity generation losses. Boiler |osses represent 36% or
Forest products Industry (NAICS 325) Total 535 TBtu of total onsite losses. Energy distribution and
Onsite Losses — 1474 TBtu conversion systems account for the remaining offsite energy
losses.

System-Specific Losses

23 To Processes =
Detailed energy use and losses for component Other [P TB Generation Losses 1
systems are summarized in Figure 5-7 and Table 5 Distribution Losses NI
2. These provide more insight to the source of Motor Systems = Conversion Losses =3
energy losses and identify targets for energy-saving
opportunities. Asshownin Figure5-7, most energy  Fired Heaters & Tzsltt su2
losses occur in steam systems. Interms of TBtus, Cooling TBt

steam system losses are the highest of all energy
systems, about 1.1 quads, which represents 47% of Steam SVStemS%
0

.

the total energy input to steam systems.
Proportionally, however, motor system losses are Facilities
the greatest. About 51% of the energy input to

76
TBtu

motor-driven systemsislost dueto system 500 1000 1500 2000 2500
inefficiencies. Downstream losses (e.g., flue gas, Trillion Btu

exhaust, stack) have not been estimated, but could Figure 5-7 Energy End-Use and Loss Distributions
be substantial (as much as 30-50% of delivered in Forest Products NAICS 321 & 322)

energy).
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Table 5-2

Forest Products Energy Use and Losses (Trillion Btus)

To TOTAL Associated

Process/ | Generation | Distribution | Conversion Onsite Carbon Total

End-use Losses Losses Losses Losses (MMTCE)** Energy
Facilities 76 na na na - - 76
Steam Systems 1299 535 379 229 1143 9.4 2442
Fired systems
& Cooling 174 na 7 30 37 0.6 211
Motor Systems 211 na 16 202 218 3.2 429
Electrochemical 2 na 0 0 0 0.0 2
Other Uses 12 na na 9 9 0.1 21
Onsite Power (297)* 67 na na 67 0.6 67
Export of Power 24 na na na na na 24
TOTALS 1798 602 402 470 1474 13.8 3272
*Onsite generated power is distributed among end-uses and is not included in the totals.

**Carbon emissions associated with total energy losses, in million metric tons of carbon equivalent (MMTCE)

Other

1 a471Bt

Materials Processing

Materials Handling
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Figure 5-8 Forest Products Industry Motor
System Energy Use and Loss Profile

Distribution
Losses 16%
(379 Thbtu)

Boiler
Losses 22%
(535 Thtu)

Energy
Conversion
Losses 9%
(229 Thbtu)

Steam to
Processes 53%
(1299 Thbtu *)

Energy to Steam Systems 2442 TBTU

Figure 5-9 Steam Use and Loss Profile for
the Forest Products Industry

A motor use profile for forest productsis shown
in Figure 5-8. Thelosses, indicated in gray,
illustrate the sizeable amount of energy that is
wasted due to the inefficiencies of motor-driven
equipment. Compressed air and materials
processing (e.g., grinding, mixing, crushing)
exhibit the greatest proportion of losses. Some of
these systems have efficiencies as low as 10-20%.

Motor system energy conversion lossestotal 184
TBtu; conversion losses in motor windings
comprise another 18 TBtu. The associated
energy distribution losses are 16 TBtu.
Combined losses attributed to motor systems
(excluding distribution) are about 202 TBtu.
Most of the energy used for motor systemsis
electricity (>95%), although small amounts of
fuel are also employed.

A profile of forest products industry steam use
and associated losses is shown in Figure 5-9.
About 47% of energy inputs are lost via system
inefficiencies. A majority of these occur in the
boiler, where thermal efficiencies range between
55-85%, depending upon the age of the boiler and
type of fuel burned. Wood byproduct or hog fuel
boilers, for example, will have much lower
overall thermal efficienciesthan natural gas-fired
boilers. Distribution lossesfor steam systemsare
also significant. These occur in steam traps,
valves, and pipes carrying steam to processes and
energy conversion units.
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5.3 Opportunities Analysis

Steam Systems

Theforest productssector ranks first among U.S. industries in steamuse. Table 5-3illustrates the use of steam and
potential end-of-process energy losses in the industry by selected processes. The processesthat use the most steam
are Kraft pulping, bleaching, chemical recovery, and paper drying. The efficiency of steam usein these processes
depends upon steam recovery and the quality of the recovered steam. For thisanalysis, it was assumed that
approximately 50-60% of the steam delivered to the process was lost downstream of the process. For chemical
recovery, where considerable amounts of steam are produced, the net steam requirement is provided. Appendix B
provides the details on the steam efficiencies assumed for each process, the major sources of energy losses, references,
and other data. Assuming improvements to steam systems could recover from 10-30% of lost energy, it is estimated
that energy savings would approach 200 T Btu/year.

Chemical pulping, bleaching, chemical recovery, and paper drying represent the largest area of opportunity for
improving steam system energy efficiency in the forest products industry. In pulp making, potential steam system
improvements can be made via the implementation of more efficient digesters (continuous versus batch), increased
recovery of waste steam, implementation of increased CHP, and employment of alternative heat sources such asthe
replacement of steam heating with indirect heating methods.

Better heat integration to reduce bleaching stages, and increased heat recycling, are options for improving steam usein
bleaching. Falling film evaporation and increased steam recycling are potential methods for increased heat recovery
in the chemical recovery process.

Paper drying isahighly inefficient processthat relies largely on the use of steam, and represents one of the most
significant opportunities for improved steam system efficiency. Options to improve paper drying efficiency include
the use of direct-fired dryers, utilization of alternative drying systems (impulse drying infrared drying, press drying),
recovery of heat from air, and recovery of waste heat using mechanical vapor recompression pumps.

Fired Systems

Lime mud calcining isthe only significant use of fired systemsin the forest products industry (see Table 5-4). The
average efficiency of the limekiln isvery low (30-40%). Improvements could be made by increasing heat transfer
between lime mud and combustion gases, using lime product coolers for heating combustion air, and employing flash
dryersfor mud preheat. The steam energy savings potential from these optionsis estimated to be about 23 T Btu/year,
based on the recovery of approximately 35% of lost process energy. Appendix B provides details on the analysis and
the methodol ogy used.
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Table 5-3 FOREST PRODUCTS: STEAM SYSTEMS Roll-Up Analysis Improvement Potential (%)
Technology Option Best Technology
Practices
- 2|2
Total JAverage] < . - . z |e5|e=|=25]|5 5
2000U.S. | Energy |Energy |Energy|S |5 |2 |o 8 |,z |E I8BE|IRg|SE|s |2
Production | Intensity | Use Loss |S |3 | |8 s |2l |2 T 2| E = =
10n6short f 1006 B/ | 10012 | 10012 |8 (18 [T |Eg [ [Ele 2 |z3l2E|eE|< ]S
Process/ Unit Operation Equipment Used tonslyr ston pulp | Btu/yr | Btulyr & ?f 3 5% S 3 g % > >0 %oa §§ §
8 18 |5 [f2 |3 |olo |2 IE x|l x|qo|3
T |IT |2 |48 |2 |51 |4 |2 2es|n2eal®?
) Q n ) e =15 = o=@ g = 2
7z |8 |53 |& o |12]x (2 |EZIES|22|n
g 11815 |5 |7|° |2 |E5|E8|E5|5
= LIC.I @) S % 88 8<E * & L‘I-:-‘
*
Kraft Pulping Steam heated 52.0 3.8 196 88 X X X 10 15 22
batch/continuous
digesters, pre-
steamers
Sulfite Pulping Steam heated batch 1.2 3.6 4 2 X X X 10 10 0
digesters
Thermo-mechanical Pulping |Pre-steamers 3.7 0.8 3 1 X X X 10 0
Semi-chemical Pulping Digesters or pre- 4.0 4.6 18 8 X X X 20 2
steamers
Bleaching Steam-heated 37.6 3.7 139 56 X X X X 10 15 14
bleaching
towers/stages
Chemical Recovery Recovery boilers, 57.1 3.8 216 86 X X X X 5 15 17
superheaters,
stripper, evaporators
Pulp Drying Dryer, condenser, 8.4 3.9 33 16 X X X X X 10 10 3
thermocom-pressor
Paperdrying (million tons of |Drum dryers and 96.3 9.2 886 461 X X X X [ X| X 10 20 138
paper) Yankee dryers
TOTAL 1495 719 197
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Table 5-4 FOREST PRODUCTS: FIRED SYSTEMS Roll-Up Analysis

Improvement Potential (%)

Energy Loss Recovery or] Best
Reduction Category Practices Technology
) > 2 3 o
%) o = .
> |3 _ © P % e I
sI22 |2 |= s | |z [¢ |§] §
Energy Average = M= QC:’ L2 o= % 8 < S = 3
2001 U.S. Intensity Energy |5(3 3 |c |8 _“2’ s : I I - 2
Production (106  |Total Energy] Loss [G|2 Lole 2 |52 |s o|8¢ = T |5 o)
Process/ Unit Operation |Equipment | 1076 Short | Btu/ston | Use (10712 (10712 | & =l e g S || |3 & g_ T g_ z g_ Z £
Used Tonslyear pulp) Btu/yr) Btuiyr) [ §|2|2 |5 |B |2 |22 S5|23|55 |2 =
IITI3 |5 |= el | |<T|(a5|=8]|e 2
ol85 < [Z |2 ]2 |5 N e = P
HEEE - la (s = |2 = < o =
c| S| = 0 T w | > © o o
z[=(g |2 |O 1 |s |% |F
w | E * @ = t )
o IS IS 2 S
O £ o I =
8 |° |5 |#
Lime Mud Calcining Lime Kiln Xl X | X X 15 20 23
52 2.00 103 65
TOTAL 103 65 23
Assumptions: Efficiency improvements are based on recovery of kiln waste heat, reduction of kiln heat losses, and reduction of heat needed for lime mud dissociation.

Energy use is consistent with 1998 MECS fuels used in fired systems (166 TBtu), and with the LBL study, which indicates about 3-4% of energy use is attributed to lime

burning (115 TBtu).
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6.0 Iron and Steel Industry (NAICS 333111)

6.1 Overview of the Iron and Steel Industry

Steel isan integral part of the U.S. infrastructure, providing the foundation for construction (bridges, buildings),
transportation systems (railroads, cars, trucks), and utility systems (municipal water systems, power systems). Itis
also the material of choice for such diverse applications as military equipment, food storage, appliances, and tools.
Traditionally valued for its strength, steel has also become the most recycled material, with two-thirds of U.S. steel
now produced from scrap.

Steel is made via two different routes, both of which are energy-intensive. An integrated steel mill produces molten
iron in blast furnaces using aform of coal known as coke, which is either produced onsite or purchased. Thisironis
used as a charge to produce steel in a basic oxygen furnace (BOF). An electric arc furnace (EAF) steel producer, also
known as a mini-mill, uses EAFs to produce steel from steel scrap and other iron-bearing materials.

Steel isthe fourth largest consumer of fuels and power in manufacturing. The efficiency of the processes and
equipment used to produce iron and steel is constrained by thermodynamic, kinetic, or transport limitations, and
operating conditions are severe (high temperatures, corrosive environments). These factors contribute collectively to
proportionally high energy use per ton of product.

6.2 Energy Use and Loss Analysis for Iron and Steel

Overview
Table 6-1 Snapshot of the Iron and Steel Industry:
SR SO e Rag#dvmmm kS [ BT BT A snapshot of where theiron and steel industry ranksin
d Energy terms of energy use and losses within manufacturing and
Category Rank (TBtu) mining is shown in Table 6-1. The industry ranks among
Primary Energy Use 2 2056 the top five in U.S. manufacturing and mining in a
Offsite Losses 8 384 number of energy end-use categories. Theindustry isa
Fuel and Electricity 4 1672 large user of fired systems and ranks sixth in energy used
Onsite Losses 5 378 for motor-driven systems.
Steam Generation 6 19
Power Generation 6 6 Coke and coal are the primary fuels used by the iron and
Eggg;’ 25:132‘;;'&‘] i 2%21 steel industry (38%6), followed by natural gas (27%),
Facilities 9 56 byproduct fuels produced onsite (23%), and electricity
Energy Export * -0 (9% excluding losses). Small amounts of fuel oil and
Energy Delivered to 4 1238 other fuels make up the remainder. The main byproduct
Processes fuels are coke oven gas and blast furnace gas (coal-based

* Not available

Primary Energy

Primary energy, which includes purchased fuels and electricity,

inorigin).

Purchased
Power 8% Net Onsite
Power 1%

byproduct fuels, and the energy |osses associated with offsite power Electricity
generation and energy supply systems, provides a perspective on the total Losses* 18%
energy use associated with the manufacture of iron and steel. Primary
energy inputsto the industry are shown in Figure 6-1. Fuels for boilers Direct Fuel

Use 67% Boiler Fuel

and direct-fired systems comprise two-thirds of total primary energy;
power demand is about 9%.

6%

A considerable portion of the primary energy associated with the

manufacture of iron and steel (18%) islost during energy generation and

*Includes both offsite and onsite losses.

transport. Almost all of these energy losses occur during the generation

of electricity at offsite utilities, where the efficiency of generating
systems can be aslow as 28-30%. Losses also occur in onsite power

Figure 6-1 Primary Energy Use in the U.S.
Iron and Steel Industry - 2056 Trillion Btu

generating systems, but thermal efficiency is greatly improved through
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the use of cogeneration. Only about 1% of iron and steel Trillion Bt
industry electricity demand is currently met by onsite
power systems.

Fuels [}
Electricity =5

Fuel and Electricity Use

About 1.7 quads of fuels and electricity were consumed by
the iron and steel industry in 1998. On average, around
90% of itsenergy useisfuels, and the remainder is
electricity (10%).

& &

Asdiscussed earlier, the industry has two main routes for
making steel. Figure 6-2 illustrates the energy
consumption patterns across the two major sectors of the
industry (electricity losses are excluded). Overall, the
production of steel viatheintegrated routeisresponsible for
75% of fuel and 36% of electricity consumption in the industry. EAF steelmaking accounts for the remainder — 25%
of total industry fuel consumption and 64% of industry electricity consumption.

Figure 6-2 Fuel and Electricity Use in the
Integrated and EAF Sub-sectors

Onsite Generation and Electricity Demand

Theiron and steel industry isranked ninth in demand for electricity, at 181 TBtu per year. Electricity demand is equal
to purchases of electricity, plus electricity generated onsite, minus electricity exported offsite. It provides the most
complete picture of actual electricity use. On average, electricity use only accounts for about 10% of energy
consumption across the industry. However, EAF steelmaking is electricity-intensive and accounts for almost 30% of
total electricity consumption in the steel industry.

Asnoted earlier, the steel industry meets some amount of electricity demand through onsite generation. About 18
TBtu of energy use is associated with the production of onsite electricity. Most of the electricity produced onsitein
the steel industry comes from cogenerating units.

End-Use Profile

Energy is consumed in the manufacture of iron and steel to supply process heating (reduction of FeO, melting,
reheating), to power motor-driven systems such asrolling mills, and for various other purposes. A breakdown of
energy end-useisshownin Figure 6-3.

Other FaC'(')'“eS Fired systems (excluding boilers), particularly ironmaking blast
Motor 2% 3% steam 7% and other furnaces, represent the bulk of energy usein the

Systems industry (81%). Boilers contribute another 7% to total energy

% use for process heating. Motor systems, which include motor-
driven units such asrolling mills, pumps, conveyors, fans, and
materials handling equipment, consume another 7% of steel
industry energy use. Heating, cooling, and lighting of facilities
accountsfor just 3% of its energy use.

Fired Heaters

81% . . . .
’ The industry ranks seventh in steam use within manufacturing

and mining, and ranks sixth in the use of motor-driven systems
in theindustrial sector.
Figure 6-3 Energy End-Use in the Iron and
Steel Industry: Total Delivered Fuel and
Electricity - 1672 Trillion Btu
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Loss Profile

Boilers/ The energy footprintsfor theiron and steel industry (see

Power 5% Appendix A for footprints for the integrated sector, the EAF
Energy To onsite Dleibution sector, and the industry overall) evaluate end-use and loss
Processes Losses 23% BT patterns to better understand the opportunities for energy

Ta% Conversion efficiency improvements. Figure 6-4, which is based on the
5M6/° overall industry energy footprints, illustrates the general flow of
otors 22% L. . .
energy and losses within the average steel mill. As Figure 6-4

Facilities shows, nearly one-quarter of the energy that entersthe plant

3% (23%) islost prior to usein process units. These losses occur in
equipment and distribution systems supplying energy to process
operations or converting energy to usable work. The majority of
onsitelosses in the iron and steel industry occur in energy
conversion systems.

Figure 6-4 Onsite Energy Loss Profile for
the Iron and Steel Industry:

Total Onsite Losses - 378 Trillion Btu

System-Specific Losses

Detailed energy use and losses for component systems are summarized in Table 6-2 and Figure 6-5. Asshownin
Figure 6-5, the bulk of energy losses occur infired systems and cooling. Interms of T Btus, these heating and cooling
losses total about 241 T Btu, which represents approximately 18% of the total energy input to these systems.
Proportionally, however, motor system losses are the greatest. Nearly 70% of the energy input to motor-driven
systemsis|lost dueto system inefficiencies.

Table 6-2 Iron and Steel Industry Energy Use and Losses (Trillion Btus)
Associated
To TOTAL Carbon

Process/ | Generation | Distribution | Conversion Onsite Emissions Total

End-use Losses Losses Losses Losses (MMTCE)** | Energy
Facilities 56 na na na na na 56
Steam Systems 56 19 15 10 44 0.7 100
Fired Systems
& Cooling 1131 na 42 199 241 4.0 1372
Motor Systems 36 na 5 80 85 1.6 121
Electrochemical 4 na na 1 1 0.0 5
Other Uses 11 na na 1 1 0.0 12
Onsite Power (18)* 6 na na 6 0.0 6
Export of Power 0 na na na na na 0
TOTALS 1294 25 62 291 378 6.3 1672

*Onsite generated power is distributed among end-uses and is not included in the totals.
** Carbon emissions associated with total energy losses, in million metric tons of carbon equivalent (MMTCE).
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Energy

Conversion

Losses 10%

(158 Tbtu)
Distribution
Losses 15%

(262 Tbtu) Steam to
Processes 55%
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Boiler Losses
20% (328 Tbtu)

Energy to Steam Systems 1645 TBtu
Figure 6-7 Steam Use and Loss Profile for

the Iron and Steel Industry

A motor use profile for theiron and steel industry is
shown in Figure 6-6. Thelosses, indicated in gray,
illustrate the significant amount of energy thatis
wasted due to the inefficiency of some motor-
driven equipment. Compressed air and materials
processing (e.g., grinding, mixing, crushing) exhibit
the greatest proportion of losses; some of these
systems have efficiencies as low as 10-20%.

Motor system energy conversion losses total 74
TBtu; conversion losses in motor windings
comprise another 6 TBtu. The associated energy
distribution lossesare 5 TBtu. Combined losses
attributed to motor systems (excluding distribution)
are about 80 TBtu iron and steel making. More
than 90% of the energy used for motor systemsin
the industry is electricity.

A profile of theiron and steel industry’s steam use
and associated lossesis shown in Figure 6-7. About
44% of energy inputs are lost dueto system
inefficiencies. M ost of these losses occur in the
boiler, where thermal efficiencies range between
55-85%, depending upon the age of the boiler and
fuel type burned. Waste heat boilers, for example,
will have much lower overall thermal efficiency
than natural gas-fired boilers.

Distribution losses are also significant. These occur
in steam traps, valves, and pipes carrying steam to
processes and energy conversion units. These
losses can vary widely between facilities, and are
highly dependent on plant configurations, how
effectively heat sources and sinks areintegrated,
and operating and maintenance practices.
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6.3 Opportunities Analysis

Combined Steam and Fired Systems

Theiron and steel industry ranks second in the useof fired systems, and ranks seventh in the use of steamwithin the
U.S. industrial sector. Table 6-3illustrates the use of fired systems in the industry by selected processes and the
potential end-of-process energy losses. Mgjor areas of loss for fired systems include hot gases (both contaminated and
clean), warm water (120-150 °F), and hot products that require cooling or quenching (coke, annealed metal, molten
iron, hot slabs, process gases). Thetotal energy savings potential for the iron and steel industry (based on the
efficiencies shown in Table 6-3) is approximately 270 TBtu. The largest opportunity areaisironmaking in basic
furnaces, which accounts for 36% of potential energy savings. More than 29% of the savings opportunities are
concentrated in EAFs. Other savings opportunities are found in slab reheating furnaces (19%) and annealing (~7%).

Steam is used extensively in integrated steel plantsto generate power and to supply steam to several lowto-medium
temperature heating systems. Traditionally byproduct fuels (coke oven gas, blast furnace gas) have been used to
supply heat to steam generators and furnaces. With structural changesin the steel industry, many integrated plants
have eliminated or restricted severely the use of processes that generate byproduct fuels such as blast furnace gas,
coke ovens, and so forth. This has adversely affected the cost of heating in the plants.

A significant amount of steam use in integrated mills can be replaced by direct-fired systems. In many cases, alarge
quantity of steam is generated using primary fuels such as natural gas and fuel oil where byproduct fuels (coke oven
gas, blast furnace gas) have been used historically; using primary fuels has asignificant cost “ penalty” for the plants.

Gas-turbine-based CHP systems can be utilized for supplying heat to steam generatorsand to fluid heating processes
used in the plant. Waste heat from combustion products, or flue gases from reheat furnaces, coke oven batteries,
continuous annealing furnaces, etc., can be supplied to combustion air preheating, to charge preheating, or to
adjoining lower-temperature processes. Thermo-electric systems are aviable option for utilizing medium
temperature, clean flue products or cooling air.

For mini-mills, major energy sources include electricity and natural gas. Electricity isthe primary source of energy
for EAFs, while natural gas isthe principal source of heat for reheating operations. Modern installations utilize oxy -
fuel burners and other sources of chemical heat to supplement heat supply to EAF, which helps to reduce energy
consumption. EAFs represent a major source of waste heat discharged as gases that include chemical and sensible
heat. However, the gases are highly contaminated and recovering their energy presentsseveral technical challenges.
Flue products from reheat furnaces are relatively clean and can be used in steam generation or other heating
operations located close to the furnaces, if the plant has a downstream process plant. Although steamis not used
extensively in mini-mills, its use is increasing and could be promoted through the use of steam as a supplement to
electricity.
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Table 6-3 IRON AND STEEL: COMBINED STEAM AND FIRED SYSTEMS Roll-Up Analysis

Improvement Potential (%)

Best
Technology Options Practices Technology
2| S - = 8
c |I>|=|c — 8 |l=s0 |5 20 >
2 l& |2 |8 G 2 |8 |88 | 2| -9 S
ol |x% |% < | 2| = g |z2 |RE 2 e a
S |82 (€ o |[E ]| g s|>32|52| 82| a8 =
TlelE|s8|c|O]| & 2|z <3| €5 38 ”
¥ | |lo |55 |<S |o o z | > >3 | 2 xa o
- | = o o [ c o 0 I=% | = o3 o3 (] =
T 8|5 |2 |v|® o z 8|80 | 5| B2 >
Pro- Energy Total 2T |5 |eg |8 || £ » |eco |2 »o| 58 3
duction | Intensity | Energy o | © "; o €|ls| & o GEJ% g s | s2| 5¢
106 (106 Use Average |2 |2 |5 |E |2 (2| & 2|Ec |z | 55| £2
ID Process/Unit Short BTU/ston | (10~12 | Efficiency |2 |2 | 2 8 S T 1sg 13 Z|C S <
# Operation Equipment Used | Tons/yr | Product) Btu/yr) % uw * — [
Coke Making Coke Ovens 23 34 77 X X 5
2 | Sintering 12 1.5 18
BF Ironmaking (MM
3 | tonslyr) Blast Furnace 60 16.1 966 10 97
Basic Oxygen
4 | BOF Steelmaking Furnace 60 0.9 54 0
Electric Arc
EAF Steelmaking Furnace 49 6.5 316 56 25 79
Ingot (4%) Soaking pits 4 2.8 12 90 11
Continuous (96%) Caster 104 0.3 30 X | X X 25 8
Various Reheat
8 | Slab Reheat Furnace | Furnaces 98 15 146 36 X | X X X| X]| X X 10 15 35 51
Tunnel - equalizing
9 | Tunnel furnace Furnaces 10 0.7 7 36 X1 X X X X 25 2
10 | Hot Rolling Hot Rolling Mills 109 0.8 87 X 0
11 | Acid pickling Pickle baths 1.2 0 X | X | X X X 20
12 | Cold rolling Cold Rolling Mills 71 0.7 49 X 0
Cleaning/Annealing Annealing 71 x | x X
13 Furnaces 1.0 71 32 X X 25 18
TOTAL 1833 269
Assumptions: Efficiency improvements are based on heat reduction and recovery, and application of CHP. Values are within 10% of 1998 MECS energy use.
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Food and Beverage
Industry Sectors

Animal Food
Grain and Oilseed Milling
Sugar and Confectionery Products
Fruit and Vegetable Preserving
and Specialty Food
Dairy Products
Meat Products
Seafood Product Preparation and
Packaging
Bakeries and Tortillas
Beverages
Tobacco Products

7.0 Food and Beverage Industry (NAICS 311 and 312)

7.1 Overview of the Food and Beverage Industry

The food and beverage industry is an integral component of the U.S. economy, transforming livestock and agricultural
products into intermediate and final food and beverage products. Food and beverageis one of the largest U.S.
manufacturing sectors, accounting for $570 billion inannual shipments, or about 14% of total U.S. manufacturing
shipments. Increasing globalization of agriculture markets and companies has |ed to increased trade for food and
beverage products; exports in 2002 were about $29 billion, along with imports of $31 billion.

The food and beverage industry is highly diversified, and produces thousands of
different products. Processing facilities range from small plants to large industrial
units, and most plants produce more than one product. The industry is divided
into sectors that reflect major product categories.

The food and beverage industry is one of the top five consumers of fuels and
power in the U.S. industrial sector. The manufacture of foods and beverages often
requires significant quantities of thermal energy to convert raw materialsto useful
products. The efficiency of the processes and equipment used to produce foods
and beverages is often constrained by thermodynamic, kinetic, or transport
limitations, and high temperature or pressure operating conditions. All these
factors contribute to high energy use per pound of product.

Table 7-1 Snapshot of the Food and
Beverage Industry: Energy Use and Rank
Within U.S. Manufacturing and Mining

Direct Fuel
Use 17%

Electricity
Losses**
30%

Boiler Fuel
36%

Energy
Category Rank (TBtu)
Primary Energy Use 5 1685
Offsite Losses 3 529
Fuel and Electricity 5 1156
Onsite Losses 4 407
Steam Generation 4 121
Power Generation 5 7
Energy Distribution 4 113
Energy Conversion 6 166
Facilities 6 87
Energy Export 3 4
Energy Delivered to 5 658
Processes
Tra'r:'nus(::'tlon Purchased
Losses 2% Pf::/fr Net
Onsite

Power*

1%

*Excludes losses; includes 4 Thtu electricity export.
**Includes both offsite and onsite electricity generation.

Figure 7-1 Primary Energy Use in the U.S. Food and
Beverage Industry - 1685 Trillion Btu

7.2 Energy Use and Loss Analysis for Food and Beverage

Overview

A snapshot of where the food and beverage industry ranksin
terms of energy useand lossesisshownin Table 7-1. The food
and beverage industry ranks among thetop six in U.S.
manufacturing and mining in nearly every energy end-use
category.

Natural gasisthe primary fuel used by the food and beverage
industry (67%), followed by coal (17%). Lesser amounts of
petroleum products, natural gas liquids (NGL), liquefied
petroleum gases (L PG), and other fuels make up the remainder.

Primary Energy Use

Primary energy, which includes purchased fuels and electricity,
byproduct fuels, and the energy |osses associated with offsite
power generation and energy supply systems, provides a
perspective on the total energy use associated with food and
beverage manufacture. Primary energy inputs to the industry
are shown in Figure 7-1. Fuelsfor boilersand direct-fired
systems comprise about 53% of total primary energy; power
demand is about 15%.

About 32% of the primary energy associated with food and
beverage manufactureislost during energy generation and
transport. The bulk of these energy losses occur during the
generation of electricity at offsite utilities, where the efficiency
of generating systems can be as low as 28-30%. Losses also
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occur in onsite power generating systems, but thermal efficiency is greatly improved through the use of cogeneration.
About 9% of food and beverage industry electricity demand is currently met by onsite power systems. The food and

beverage industry isthefifth largest cogenerating industry.

Fuel and Electricity Use

Nearly 1.2 quads of fuels and electricity were consumed by ig_/
the food and beverage industry in 1998. On average, about 1100 M
79% of energy useisfuels, and the remainder is electricity 1200
(21%)). L
1000
The food and beverage industry makes an array of different 800:
products and uses many different processesin their 600
manufacture. Asaresult, energy use patterns can vary 4001
significantly across sectors. 202

Million Dollars

Fuels ]

Electricity mmm

Figure 7-2 illustrates the energy purchase patterns across Q@ $ & &
major sectors of the industry [ASM/DOC 2001]. Overall, vi‘@ &° 469# {;Q& @?@ éfif’\f
grain milling, fruit and vegetable processing, meat product @'ﬁz && & fé\@

output, and beverage production are responsible for the
majority of its energy purchases. Processing of meat
products consumes the most electricity.

Onsite Generation and Electricity Demand

Figure 7-2 Fuel and Electricity Purchases in

Selected Food and Beverage Industry Sectors, 2001

The food and beverage industry isranked fourth among the U.S.
manufacturing and mining sector in demand for electricity at 258 TBtu
per year. Electricity demand isequal to purchases of electricity, plus
electricity generated onsite, minus electricity exported offsite. It
provides the most complete picture of actual electricity use. On
average, electricity use only accounts for about 21% of energy
consumption across the industry. However, some sectors are more
electricity-intensive than others.

Asnoted earlier, the food and beverage industry meets a moderate
amount of electricity demand through onsite generation. A profile of
onsite produced energy is shown in Figure 7-3. About 52 TBtu of

annual energy use is associated with the production of onsite electricity.

Approximately 95% of electricity produced onsitein the food and
beverage industry comes from cogenerating units, which also generate
about 24 TBtu in steam. A small amount of electricity is produced in
conventional steam and gas turbines or other systems that are not
generating steam for process use.

End-Use Profile

Energy is consumed in food and beverage manufacture to provide
process heating and cooling, to power motor-driven systems, and
for various other purposes. A breakdown of energy end-useis
shown in Figure 7-4. It should be noted that the energy trends
shown here are an average for the industry and may not reflect
sector differences.

Process heating and cooling systems represent the bulk of energy
use (77%) in food and beverage manufacture. These include steam
systems, fired systems such as ovens and furnaces, and cooling units.
Motor systems, which include motor-driven units such as pumps,

Boiler
Losses
6 TBtu

CHP
Electricity
20 TBtu

CHP Steam
24 TBtu

Conventional
Electricity*
1TBtu

*Steam or gas turbine, not
cogeneration

Figure 7-3 Onsite Power Generation
Profile for Food and Beverage

Other
3%

Facilities 8%

Motor
Systems
12%

Steam 52%

Fired
Heaters &
Cooling
Systems
25%

Figure 7-4 Energy End-Use in the Food and
Beverage Industry: Total Delivered Fuel and

Electricity - 1156 Trillion Btu
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conveyors, compressors, fans, mixers, grinders, and other materials handling or processing equipment, rank second
with 12% of energy use. Thefood and beverage industry ranks fourth in steam use within manufacturing and
mining, and also fourth in the use of fired systems. It isalso the fifth largest user of motor-driven systemsin the U.

S. industrial sector.

Boilers/ Power|
Energy To 2%
Processes Onsite Distribution
57% Losses 35% 28%
Conversion
25%
Motors 15%

Facilities
8%

Figure 7-5 Onsite Energy Loss Profile for the Food

and Beverage Industry (NAICS 311 and 312) Total
Onsite Losses - 407 Trillion Btu

System-Specific Losses

Loss Profile

The energy footprint for the food and beverage industry
(see Appendix A) evaluates end-use and | oss patterns to
better understand the opportunities for energy efficiency
improvements. Figure 7-5, which is based on the energy
footprint, illustrates the general flow of energy and losses
within the average food and beverage plant.

AsFigure 7-5 shows, a substantial share (35%) of the
energy that enters the plant islost prior to use in process
units. These losses occur in equipment and distribution
systems supplying energy to process operations or
converting energy to usable work (see Section 1.0 for an
explanation of loss categories). Total energy conversion
losses account for about 40% of onsite losses, including
those of motor systems (15%) and other systems (25%).
The remaining onsite losses are split nearly evenly between
boilers and power generation and energy distribution.
Downstream, end-of-process losses (exhaust, stack) have
not been estimated, but could be substantial (as much as 30-
50% of delivered energy).

Detailed energy use and losses for component systems are summarized in Figure 7-6 and Table7-2. Asshownin
Figure 7-6, most energy losses occur in process heating and cooling, which includes steam systems as well asfired
systems and cooling or refrigeration units. In terms of trillion Btus, steam system losses are the highest of all energy
systems, (277 trillion Btu), which represents about 45% of the total energy input to steam systems. Proportionally,
however, motor system losses are even higher. About 49% of the energy input to motor-driven systemsis lost due to

system inefficiencies.

Other To Processes -
Generation Losses [1
142 Distribution Losses HE
Motor Systems TBtu )
Conversion Losses [
Fired Heaters &
Cooling
Steam Systems
87
Facilities TBtu
-100 400 900 1400 1900

Trillion Btu

Figure 7-6 Energy End-Use and Loss Distribution in

Foods and Beverages (NAICS 311 and 312)

Energy Use, Loss and Opportunities Analysis: U.S. Manufacturing and Mining

51



Table 7-2 Food and Beverage Energy Use and Losses (Trillion Btus)
Associated
To TOTAL Carbon

Process/ | Generation | Distribution | Conversion [ Onsite Emissions Total

End-use Losses Losses Losses Losses | (MMTCE)** Energy
Facilities 87 na na na na na 87
Steam Systems 333 121 97 59 277 49 610
Fired Systems
& Cooling 250 na 10 40 50 0.7 300
Motor Systems 73 na 6 63 69 13 142
Other Uses 2 na na 4 4 0.1 6
Onsite Power (21)* 7 na na 7 0.1 7
Export of Power 4 na na na 0.0 4
TOTALS 749 128 113 166 407 7.1 1156

*Onsite power generation is distributed among end-uses and is not included in the totals.
**Carbon emissions associated with total energy losses, in million metric tons of carbon equivalent (MMTCE).

| 57 TBtu

[

60

Other |
Materials Processing | [ | 36 TBtu
Compressed Air :l:l 11 TBtu
Fans 10 TBtu
Pumps 22 TBtu
Motor Windings || 6 TBtu UsableWork [
7 Losses
Distribution 8 TBtu
0 10 20 30 40 50
Trillion Btu

Figure 7-7 Food and Beverage Industry Motor
System Energy Use and Loss Profile

Energy
Conversion
Losses 10%

(59 Thtu)

Distribution
Losses 16%
(97 Tbtu)

Boiler Losses
20% (121 Tbtu)

Energy to Steam Systems 610 TBtu

Steam to
Processes 55%
(333 Tbtu*)

Figure 7-8 Steam Use and Loss Profile for the

Food and Beverage Industry

A motor use profile for food and beverageis
shownin Figure 7-7. Thelossesindicated in gray,
illustrate the substantial amount of energy that is
wasted via motor-driven egqui pment inefficiency.
Compressed air and materials processing (e.g.,
grinding, mixing, crushing) exhibit the greatest
portion of losses. Some of these systems have
efficiencies aslow as 10-20%.

Motor system energy conversion lossestotal 57
TBtu; conversion losses in motor windings
comprise another 6 TBtu. The associated energy
distribution losses are 6 TBtu. Combined losses
attributed to motor systems (excluding
distribution) are approximately 63 TBtu. Most of
the energy used for motor systemsis electricity
(>90%), although small amounts of fuel are also
employed.

A profile of food and beverage industry steam use
and associated lossesis shown in Figure 7-8.
About 45% of steam system energy inputs are |ost
due tosystem inefficiencies. The bulk of these
occur in the boiler, where thermal efficiencies
range between 55-85%, depending upon the age of
the boiler and type of fuel burned. Waste heat
boilers, for example, will have much lower overall
thermal efficiency than natural gas-fired boilers.
Distribution lossesin steam systemsare also
significant. These occur in steam traps, valves,
and pipes carrying steam to processes and to
energy conversion units.
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7.3 Opportunities Analysis

Steam Systems

Thefood processing industry isthe fourth largest steam user in the U.S. manufacturing and mining sector. Table 7-3
illustrates the use of steam in the industry by selected processes and the potential end-of-process energy losses.

The most steam intensive processes are found in wet corn milling (steeping, steepwater evaporation, germ drying),
and cane sugar and beet sugar processing (solution, refining). Lesser amounts of steam are used for meat evisceration,
cheese processing (whey drying), and fats and oils processing (meal drying). The numerous drying and evaporative
processes of the food processing industry are considerably inefficient and use large amounts of steam. For this
analysisit was assumed that steam system efficiencies for these processes ranged between 45-50%. A ppendix B
provides details about the efficiencies assumed for each process, the major sources of energy losses, references, and
other pertinent data.

The best areas of opportunity for efficiency improvementsin food and beverage manufacture are in wet corn milling
and sugar processing and refining. Technology optionsinclude the use of direct-fired drying systems (impulse drying,
infrared drying, press drying) and waste heat recovery. Replacing steamheated systems with direct firing could also
increase efficiency in food drying. Another option is the use of CHP and secondary heat recovery from boiler flue
gases.

Assuming improvements to steam systems could enable the recovery of 10-30% of energy wasted currently, potential
energy savings for the industry as awhole are estimated at more than 80 T Btu/year.

Fired Systems

The food processing industry isthe fourth largest user of fired systems. Meat products, cheese processing, dry
condensed and evaporated products, wet corn milling, bread cake and related products, and fats and oil processing are
the major sub-sectors that employ fired systems, mostly for drying, evaporation, cooking, and baking.

Not enough data was available to conduct a detailed analysis of fired systems used in food processing. However, if
the basic assumption is made that these processes | ose considerable waste heat and are relatively inefficient (40-50%
energy lost), this would amount to about 135 T Btu annually. Recouping even asmall percentage of that energy (e.g.,
20%) would provide energy savings of about 30 T Btu annually, which is significant. In addition, because steam and
electricity use are high in this sector, it isan ideal candidate for increasing the use of cogeneration as well as other
waste heat recovery technologies.
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Table 7-3 FOOD PROCESSING: STEAM SYSTEMS Roll-Up Analysis

Improvement Potential (%)

Best
Technology Options Practices Technology
c > d = > (] = —_
S |5 S S|, | = S = z 58| §
5 >19 5 Ss|lo] 5|2 > = |>6 o3 29
=] o e o > c D =9 tc = C + o - Q b
s |e|52[Ewn|g |E 3 |2 |SEo |B5¢E [2x3E |22 S
o2 18= 128 |E|S |5 |y2|cgE (e |o88 |Be | 8
= | = a 3% o (os |lol2|o< I35
vs | ey | o | Averase |5 5 |22 128 2 9| |85 (B2 (2EE 1BEE |52 | T
.S. nergy | Energy Energy |2 |2 |20 (450 | @ 5 £ 1|58 c2 g les Z|%S3 |55 >
Production | Intensity | Use loss |a [e |22 |e® ||| B |= 8 B o gSu |5 ouw |5c | <
Process/ Unit 1076 (1076 (10012 | (o012 |g (@ |W = 1=l 5| T s S 2|3
Operation Equipment Used Ibslye ar Btu/lb) | Bturyr) | Btuyr) |2 |S 8 o z 3 < < | w
Rotary steam tube
Wet Corn Milling dryers, flash dryers 2625.0 115 63 X | X X | X X X 10 15 16
Sugar Processing/ | Evaporators, dryers,
Refining vacuum pans 169 93 X | X X | X X X 10 15 23
Steam Vacuum,
Meat Products Steam Pasteurization 19000.0 333.0 6 3 X X X X 10 15 1
Feed System, Drying
Cheese Chamber, Fluid Bed 6900.0 1020.0 X X X X 10 15 1
Fats and Oils Dryers 72515.0 93.0 3 X X X X 10 15 1
Miscellaneous
(baking, dairy, Steam Pasteurization,
others) Ovens, Dryers 272 136 X X X X X 10 15 34
TOTAL 576 302 76

Assumptions: Efficiency improvements are based on cost-effective waste steam recovery, waste heat reduction, and other options
such as reducing excess air and flue gas, improving process control, and using CHP. Energy totals for steam cover all of 1998 MECS

steam use.
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8.0 Mining Industry (NAICS 212)

8.1 Overview of the Mining Industry

The mining industry plays an important rolein the U.S. economy and its energy supply. In 2000, mined materials such
as uranium and coal represented 72% of energy inputs for electric power production in the United States, and process
materials of mineral origin accounted for 5% of the nation’s GDP. The U.S. mining industry also directly employs
more than 320,000 people. On average, 47,000 pounds of material are mined per person each year, making the
industry indispensable to our quality of life. In 2000, 35% of the 1.1 billion tons of coal produced were mined from
underground; the remainder was obtained from the surface. That same year, mining of crude industrial and metal ores

totaled 3.1 billion pounds and 1.3 billion pounds respectively.

Mining Industry Sub-sectors
Oil and Gas Extraction

Mining Except Oil and Gas
Coal Mining
Metal Ore Mining
Nonmetallic Mineral Mining
and Quarrying

Support Activities for Mining

Some mining operations are highly energy intensive. For example,
rock crushing, drilling, and grinding require considerable mechanical
forces and subsequently large amounts of energy. Substantial
amounts of energy are also expended to transport massive quantities
of ore and rock from mining to milling operations.

The mining industry (NAICS 21) includes several sub-sectors. M etal
and minerals mining account for a large portion (50%) of mining
industry shipments, and are the focus of thisanalysis. Oil and gas

extraction are excluded.

8.2 Energy Use and Loss Analysis for the Mining Industry

Table 8-1 Snapshot of the Mining Industry: Energy
Use and Rank Within U.S. Manufacturing & Mining
Energy
Category Rank (TBtu)
Primary Energy Use 6 1273
Offsite Losses 4 520
Fuel and Electricity 6 753
Onsite Losses 6 311
Steam Generation 12 0.8
Power Generation 4 16
Energy Distribution 12 13
Energy Conversion 5 281
Facilities * *
Energy Export 5 0.01
Energy Delivered to 6 442
Processes

*Not available

Trillion Btu
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100+
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Figure 8-1 Mining Industry Energy Supply By
Energy Source (NAICS 212) — 753 Trillion Btu

Overview

A snapshot of where the mining industry ranks
in terms of energy use and losses within
manufacturing and mining is shown in Table
8-1. Theindustry ranks sixth in primary
energy use, fuel and electricity use, and onsite
losses. The mining sector also ranks fourth in
offsite losses and fifth in energy conversion
losses.

Fuel il (diesel, residual) represents the largest
portion of the mining industry’s total energy
supply (35%), followed by electricity (32%).
The remaining energy needs are satisfied by
natural gas (22%), coal (10%), and gasoline
(2%). Figure 8-1 shows the breakdown of the
mining industry’ s energy supply by energy
source. The mining industry uses large quantities
of diesel fuel for service trucks and other hauling
equipment. Electricity isused for fans, drills,
crushers, and conveyors, al of which are
relatively energy-inefficient.
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Fuel
Transport
Losses 1% Purchased
Power
19%

Net Onsite
Power* 1%

Direct
Fuel Use
37%

Electricity
Losses**
42%

Boiler
Fuel
0.3%

*Excludes losses

**Includes both offsite and onsite
losses.

Figure 8-2 Primary Energy Use in the
U.S. Mining Industry — 1273 Trillion Btu
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Figure 8-3 Fuel and Electricity Use in
Selected Mining Sectors

Boiler
Losses
1TBtu

Power
Losses

16 TBtu Conventional

Electricity*
19 TBtu

*Steam or gas turbines, not
cogeneration

Figure 8-4 Onsite Power Generation Profile
for the Mining Industry (NAICS 212)

Primary Energy Use

Figure 8-2 shows the primary energy inputs to the mining
industry. Fuelsfor boilersand direct-fired systems
comprise 37% of total primary energy; power demand is
20%. Primary energy includes purchased fuels,
electricity, byproduct fuels, and the energy losses
associated with offsite power generation, providing a
perspective on total mining industry energy use.

On average, 43% of the primary energy associated with
the mining industry islost during energy generation and
transport. Offsite utilities, responsible for electricity
generation, are accountable for the main portion of these
energy losses (42%). The efficiency of generating systems
at these offsite utilities can be as low as28-30%.

Fuel and Electricity Use

Total fuel and electricity supplied to the mining industry
has been estimated at 750 TBtu of energy per year. Fuels
account for almost 68% of the industry’s purchased
energy. Energy patterns across the mining industry vary
primarily due to differences in mining methods
(underground versus surface mining), in the nature and
location of ore or mineral deposits, andin the size, depth,
and grade of minerals. Coal, for example, is mined using
both surface and underground methods. On the other
hand, 96% of industrial ores come solely from surface
mines.

Figure 8-3 illustrates the percent of energy use consumed
by major mining industry sectors. Due to the large
volume of coal production, mining it accounts for the
most energy use. However, mineral mining is
significantly more energy intensive on a Btu/per ton basis.

Onsite Generation and Electricity
Demand

The mining industry ranks third among U.S. industrial
sectorsin electricity demand, topped only by the
chemical and forest product industries. Diesel- and coal-
fired power systems are used onsite to produce el ectricity
as needed for mining equipment.

Current datais not readily available on electricity
cogeneration in the mining sector, although it isexpected
to be moderate. The values shown in Figure 8-4 have
been extrapolated from an older source and applied to
current projected energy use [EIA 1978, ORNL 1980].
With this approach, conventional electricity generating
systems are estimated to supply about 19 T Btu per year.
Power generation losses from onsite generation are
approximately 16 TBtu. Total energy associated with
onsite power production in mining is around 36 TBtu.
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End-Use Profile Electrochemical  Steam

The mining industry consumes energy to supply direct heating, to
power motor-driven machinery, and for other purposes. A breakdown of
energy end-useis shown in Figure 8-5.

The mining industry’ s largest use of energy for heat and power is
classified under “ other” uses. Thisincludes drilling, materials transport
and other energy-intensive operations. Limited data are available on the 25%
exact breakdown of energy use among these processes, as the mining
industry is not part of the MECS conducted by the U.S. Department of
Energy. According to older studies[EIA 1978, ORNL 1980], over 61%
of the industry’s energy end-useisreflected in the “other” category.
Motor systems (pumps, material handling equipment) rank second with Figure 8-5 Onsite Energy Loss Profile for the

Systems

25% of the total energy end-use. Direct-heating represents 13% of the Mining Industry (NAICS 312) Total Onsite
industry’ s energy end-use. Losses — 311 Trillion Btu
Loss Profile

Appendix A includes an energy footprint for the mining industry Eg;‘veerf’s%

which evaluates end-use and | oss patterns to better understand f <tribution
the opportunities for energy efficiency improvement. Based on 5%

the energy footprint, Figure 8-6 shows a breakdown of the — Energy
mining industry’ s onsite losses and general energy flow. As PE:‘OECVS;’SE‘S’ Losses g;;)vefs"’"
illustrated in the figure, as much as 42% of the energy that enters 58% a2%
the plant islost prior to usein process units. These losses occur

in equipment and distribution systems converting energy into Motors 29%
work or supplying energy to process operations (see Section 1.0

for an explanation of loss categories). Energy conversion

systems account for most of the total onsite losses (62%).

Motors represent 31% of the mining industry’s onsite losses, and Figure 8-6 Energy End-use and Loss
the remaining losses occur in boiler systems andin energy Distributions in Mining (NAICS 212)
distribution.

System-Specific Losses

Figure 8-7 and Table 8-2 show in detail the energy use and losses for component systems. Asshown, the largest
energy losses occur in the “Other” category. However, because the mining sector is not part of the DOE MECS, little
data are available on end-uses and losses within the “ other” category. Losses are assumed to be mostly due tothe low
efficiency of crushing, grinding, drilling, and transport equipment. Motor system inefficiencies represent the largest
proportional source of system losses. About 48% of the energy input to motor-driven systemsislost in energy
distribution and conversion. Steam use for mining operationsis small, but approximately 36% of the total energy input
to steam systemsis/lost.

" pd ‘ 446

TBtu

Other |
1
Electrochemical TBtu
185
Motor Systems TBtu
To Processes ==
101 Generation Losses [
Direct Heating TBtu
Distribution Losses 1
4 Conversion Losses [
Steam Systems TBtu
T T T T T
0 100 200 300 400
Trillion Btu

Figure 8-7 Energy End-use and Loss Distribution in Mining (NAICS 212)
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Table 8-2 Mining Energy Use and Losses (Trillion Btus)
Associated
To TOTAL Carbon
Process/ | Generation | Distribution | Conversion Onsite Emissions Total
End-use Losses Losses Losses Losses | (MMTCE)** Energy
Facilities 0 na na na Na 0
Steam Systems 3 1 0.3 0.3 1.6 0 4
Direct Heating 82 na 5 14 19 0.3 101
Motor Systems 89 na 8 88 96 1.8 185
Electrochemical 1 na na na 0 0 1
Other Uses 268 na na 178 178 3.2 446
Onsite Power (19)* 16 na na 16 0.3 16
Export of Power 0.01 na na na 0 0.01
TOTALS 442 17 13 281 311 5.8 753

*Onsite generated power is distributed among end-uses and is not included in the totals.
**Carbon emissions associated with total energy losses, in million metric tons of carbon equivalent (MMTCE).
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Figure 8-8 Mining Industry Motor System Energy
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Use and Loss Profile

Figure 8-8 shows a breakdown of energy use and losses
in motor systems for the mining industry. Almost 50%
of the energy input for motor systemsislost through
subcomp onent inefficiencies. In Btus, the greatest
losses are exhibited by materials processing systems,
with inefficiencies as high as 90%. Pump system
inefficiencies (40%) are also considerable.

The highest motor system losses occur during energy
conversion, and total 89 trillion Btu for the industry.
Additional conversion losses take place in motor
windings (8 trillion Btu), and distribution losses total an
additional 8 trillion Btu. The fuel-mix for motor
systemsin the industry was estimated to be 82%
electricity and 18% fuel.
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9.0 Cement Industry (NAICS 327310)

The cement industry is energy systems (fired systems, steam systems, motor drives), consuming about 347 TBtu in
1998 ranking them sixth among U.S. industries. Most cement industry energy is used in fired systems (305 T Btu) and
in motor driven equipment (41 TBtu). Energy utilized in its steam systems accounts for only about one TBtu. The
industry generates a minute amount of electricity and steam from waste fuels and byproducts to meet onsite energy
demand. In 1998, onsite power generationin the cement industry totaled to approximately 2 T Btu of electricity.

The energy footprint analysis estimates pre-process energy losses attributed to energy systemsin the cement industry
(within the plant boundary) at around 71 TBtu. Theseinclude lossesincurred in steam and power generation (0.1
TBtu), in distribution systems (11 T Btu), and in conversion to useful work (60 TBtu). About 91 TBtu of energy losses
are associated with offsite utilities providing electricity, gas, and other fuels to the cement industry.

Anindividual energy use and loss chapter was not developed for this industry because it ranks thirteenth on the list of
primary U. S. industrial energy users. However, cement ranks fifth in its use of fired systems, and the calcining
process used in cement making is similar to that used in other energy-intensivesectors, such asforest products,
mining, alumina, petroleumcoke calcining, and chemicals manufacture (materials production, catalyst regeneration).
Accordingly, the cement industry was included in the opportunities analysis to capture potential synergiesfrom
reducing energy lossesin calcining across several industries.

9.1 Opportunities Analysis

Fired Systems

Table 9-1 illustrates the use of fired systems and potential end-of-process energy lossesin the industry for calcining,
which is the top energy consumer in cement. The efficiency of energy usein this processrests largely on the kiln type
used, fuel type employed, and heat recovery and integration schemes in place. Appendix B provides details on the
efficiencies assumed for each process, the major sources of energy loss, references, and other pertinent data.

The wet kiln processisthe least efficient calcining technology in use and represents the principal opportunity for
improving energy efficiency in the cement industry fired systems. Sources of loss from the wet kiln include water
evaporation, inefficient combustion, unrecovered exhaust gases, and uncaptured radiative and convective heat.
Potential efficiency improvements could be made through the implementation of preheat systems, combustion system
optimization, adaptation to semi-wet conversion, enhanced heat recovery in the clinker cooler, and improvements to
the grate cooler.

While dry kilns are more efficient, they can also benefit from the addition of preheaters and precalcining units, as
shownin Table 9-1. Many of the older kilnsin use are currently not retrofitted with effective preheat systems. Dry
kilns could also benefit from increased heat recovery in the clinker cooler and better grate coolers. Heat recovery via
cogeneration is also possible, but uses for the steam generated would need to be explored.

Assuming improvements to fired systems could reduce energy losses as shown in Table 9-1 (ranging from 11-50%,
depending on the process), energy savings are estimated at about 80 T Btu/year.
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Table 9-1 CEMENT MANUFACTURING: FIRED SYSTEMS Roll-Up Analysis Improvement Potential (%)
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